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ABSTRACT

Basi ¢ design guidance is presented for fossil-fueled, steam powered plants
generating electricity or cogenerating electricity and steam Criteria and design
requirements are given for sizing plants, |oad shedding, use of cogeneration,
environnmental regulations and permtting, electric and steam generators, steam
condensers and cooling water systens, auxiliary equipnent, coal and ash handling, water
supply, makeup and treatnent, controls and instrunmentation, testing, pollution control,
corrosion, safety and fire protection, and various m scel |l aneous itens.
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FOREWORD

TH S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT CF FACI LI TI ES
CONSTRUCTION. I T IS TO BE USED I N THE PURCHASE OF FACI LI TI ES ENG NEERI NG STUDI ES AND
DESI GN (FI NAL PLANS, SPECI FI CATI ONS, AND COST ESTI MATES). DO NOT REFERENCE | T IN

M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER PROCUREMENT DOCUMENTS.

Beneficial coments (recomendations, additions, deletions) and any pertinent data that
may be of use in inproving this document shoul d be addressed to: Commandi ng Officer
(Code 111C), Naval Energy and Environmental Support Activity, Port Huenerme, CA 93043, by
using the sel f-addressed Standardizati on Docunment | nprovenent Proposal (DD Form 1426)
appearing at the end of this docunent or by letter.
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Section 1. | NTRODUCTI ON

1.1 Scope. This handbook contains data and information as criteria that shall
govern the design of fossil fueled steam power plants that are used to generate
electricity or cogenerate electricity and steam

1.2 Cancellation. This handbook, Steam Power Plants - Fossil Fuel ed, does not
cancel or supersede any existing design handbooks.

1.3 Policy. Power plants shall be provided when a crucial need exists which
cannot be satisfied econonically or reliably with purchased power. When a power plant
is required, it shall be designed and constructed with the | owest overall cost to own
and operate; that is, the lowest overall life cycle costs for ownership, operation,
mai nt enance, and fuel consunption during its life span.
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Section 2. BASIC DATA

2.1 Econoni c Analysis. The econonic analysis for all new or nodified plant
construction projects shall consider all suitable alternative nethods to determ ne the
nmost cost-effective nethod of acconplishnent. Al econonmc anal yses shall follow the
policy and procedures as outlined in SECNAVI NST 7000. 14, Econom c Analysis and Program
Eval uation for Navy Resource Managenent. For information, formatting, and guidance in
perform ng a detailed cost analyses refer to NAVFAC P-442, Econonmi c Anal ysis Handbook or
National Bureau of Standards Handbook 135, Life-Cycle Cost Manual for the Federal Eneragy
Managenent Prograns.

2.1.1 Present Value Analysis. Al cost analyses for power plant investnents shall
be conputed by using the present value (discounting) technique. In this nethod all
benefits and costs accruing throughout the life of the facility are conpared on a
present val ue basis. The cost investnments for each year of the econonmic life of the
facility are converted to present values by applying a discount factor.

2.1.2 Cost Elenents. The cost elements of an economic analysis wll
i nclude non-recurring (capital cost of construction) and recurring operational and
mai nt enance costs. The recurring costs which are tabul ated for each year of the
facility useful life will include the sumof the follow ng itens:

a) Fuel Costs. Consider various fuels and fuel conbinations.

b) Electrical Costs.

c) Water Costs.

d) Chemical Costs.

e) Operating and nmintenance material costs (other than fuel).

f) Operating and mai ntenance | abor.

g) Any other costs related to the facility.

Insurance is not charged because the Governnent is self-insured. Taxes are
not charged because the Governnment does not pay taxes.

2.1.3 Anal ysis Format. The cost el ements described above shall be summarized and
tabul ated for each year of the economic life of the facility and should be prepared for
each alternative proposal under consideration. The annual costs shall then be
summarized to determne the total project cost for each alternative proposal.
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2.1.4 Di scount Factor. |In determning the present value of future expenditures the
appropriate discount factor (interest rate) is applied to each annual tabul ated
expenditure. Discount factors are based on a 10 percent interest rate.

2.1.5 Economic Life. A maximumeconomc life of 25 years shall be used in cost
anal yses of utility investnents.

2.1.6 Uni form Annual Cost. The method of project acconplishnment shall be the
alternative which has the | owest uniformannual cost. The uniformcost is determ ned by
dividing the total project cost by the factor in NAVFAC P-442, Table B, for the end year
of the project.

2.2 Econom c St udi es

2.2.1 Factors to be Anal yzed

a) Actual |oads, such as electric, heat, refrigeration, etc.
b) Duration of | oads.

c) Mbbilization requirenents.

d) Future expansion.

e) Sensitivity of the establishnent to hazards.

f) Pernanence of the power plant.

g) Standby requirenents.

h) Enmergency requirenents.

i) Fuel selection.

2.2.2 Met hod of Satisfying Load Denands

2.2.2.1 Qbj ective. Provide the necessary utilities such as electricity, steam and
conpressed air, at lowest overall owning and operating cost, with sufficient standby to
preclude irreparable | oss to personnel or national security, or large financial |oss.

2.2.2.2 Qui delines. Consider the foll ow ng.

a) Interservice possibilities; for exanple, one power plant to service
nore than one installation.

b) Only new or future costs of a project; "A sunk cost is a past
expenditure or an obligation already incurred, which nust be ignored as having not hing
to do with a choice between two alternatives for the future." Gant. E. L, Principles
of Engi neering Econony, WIley & Sons, New York, NY.

c) Continuous integrity of utility service.

d) Past experiences with other power plants.

2.2.2.3 Pl ausi bl e Met hods. Consider all plausible, alternate nmethods of satisfying
the | oad demands, i ncl uding:

a) Rehabilitation.
b) Repl acenent.

c) Newinstallation.
d) Consolidation.

e) Mbdernization.
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f) Cogeneration.

g) Types and conbi nations of drivers, such as steam condensing turbi nes,
extraction condensi ng turbines, back pressure turbines, gas turbines, and diesel
engi nes.

2.2.3 Conparative Cost of Aternate Mt hods

2.2.3.1 Load Duration CQurves. For electric generating plants, block out each nethod
of satisfying electric and export steam demands on a |oad duration graph (with a curve
for electricity and each export steamcondition), as shown in Figures 1, 2, 3, and 4 for
a particular job. The exanple is for a plant generating electricity and exporting steam
at three different conditions: 135 pounds per square inch (psig) (930 kPa gage), 35
psig (241 kPa gage), and 6 psig (41 kPa gage).

2.2.3.2 Conparative Owming and Operating Costs. Estimate and tabulate the owning and
operating costs for the alternate nethods. Tabulate total annual costs for each project
year in Format A or Format A-1 of SECNAVI NST 7000. 14, and apply discount factor for

di scounted annual cost.

2.2.3.3 Choi ce of Individual Conponents. The sane econom c anal ysis can be applied to
i ndi vi dual conponents within a utility system Since the only variables will be initial
cost and energy, only these factors need be considered in the analysis.
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2.3 Source of Power. Each naval activity shall nornally be provided with three
sources of electric power: prinmary, standby, and enmergency. For further information on
power sources, see M L-HDBK-1004/1, Electrical Engineering Prelimnary Design

Consi derati ons.

2.4 Private Versus Governnent Oanership

2.4.1 Private Owmership. Private or commercial facilities shall be utilized unless
it can be denonstrated that it is necessary, or nore economical, for the Government to
performthe services.

2.4.2 Government Omnership. The Government shall operate utility
services only if justified by any of the follow ng factors:

a) A lack of reliable, available private facilities with sufficient
capacity to neet the |oad demand. First, however, the possibility of inducing private
industry to undertake the operation or to provide the facility must be exam ned.

b) Substantial savings to the Government resulting from owning and
operating a plant, provided the true cost basis (including all allocable itens of
over head and personnel) is used in eval uating government ownership. For additional
data, see Section 2. Only those costs which would remain unchanged, regardl ess of
whet her the services were owned or purchased, may be negl ect ed.

c) The necessity for neeting current and nobilization requirenents at any
enmergency, particularly where an abnormal or fluctuating mlitary denmand di scourages
private investment. This factor shall apply to the essential |oad only.

d) The need for training mlitary personnel for advanced base or overseas
operations where nonmlitary personnel are not available for the particular work or
servi ce.

e) A demand for conplete command control, in order to avoid conpronise of
highly classified security information.

f) The necessity for protecting the plant and personnel in areas of
unusual | y hazardous operati ons.

g) The need for a conplete demlitarization, prior to final disposal, of
certain types of nilitary equi pnent.

h) Any other itens clearly denpbnstrating a particular Governnent owned
operation to be in the public interest.
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2.4.3 Hospitals, Communi cations, and Qther Services. Activities which cannot

wi thstand an outage of nore than four hours nust be protected. Where nornmal electric
connections between hospitals, for instance, and the normal source of power nay be
broken by a catastrophe, provide an energency power plant of sufficient capacity to
handl e the essential |oad, arranged to operate automatically with the failure or
restoration of normal current.

2.5 Expansi on, Rehabilitation, and Replacenent of Existing Plants

2.5.1 Plant Additions. Expansion of an existing power plant should be considered
when additional electric generating capacity, including reserve capacity, is needed to
provide for future loads. An econom ¢ study nust show that nodifications and additions
to an existing plant, to serve additional |oads, will be nore econonical than the
construction of another power plant.

Conmpl i ance pollution control and elimnation of safety deficiencies shall
be included for any significant plant nodifications.

2.5.2 Rehabilitation Versus Replacenent. |If an existing plant has deteriorated to

t he poi nt where nunerous outages occur, does not performin conpliance with air
pollution regulations, or is beconmng a safety hazard, its rehabilitation or repl acenent
shoul d be considered. The choice between rehabilitation of the existing plant or

repl acement with a new nodern plant shall be determned by a |life cycle econonmc

anal ysis. New capacity as needed to handl e additional projected |oad shall be included
in the considerations.

Necessary equi pnent and systens for air pollution regulation conpliance and
elimnation of other operating, safety, or maintenance deficiency nust be included in
either the rehabilitated or replacenment plant.

2.6 Fuel Sel ection

2.6.1 Selection. Refer to Departnment of Defense M L-HDBK-1190, Facility Pl anning
and Design Guide, NAVFACI NST 10343. 1A, On-Shore Use of Navy Special, Navy D stillate and
Marine Diesel Fuel Ols, NAVFACI NST 10340.4C, Coal Requirenents and requisitions,

OPNAVI NST 4100. 6, Energy Financing and Source selection Criteria for Shore Facilities,
and Navy policy on selection of fuels. Select fuels that are within the national

gui del i nes and that produce the required performance at |lowest |life cycle costs,
consistent with availability and pollution control. The fuel policy has been to use a
solid donestically produced fuel as a primary fuel for power plants of medium size and
above except where use of a solid fuel is not feasible because of geographic
considerations. Existing plants burning fuel oil or gas may continue to burn fuel oil
or gas, but new or replacement boilers in plants with design input over the threshold

m ni num est abl i shed by governnment policy are required to burn solid fuel. Capability of
burni ng another fuel shall be provided to be used when the prinmary fuel is not avail able
and where it is critical to keep the power plant in operation on an energency basis.
Interruptible gas service will require a secondary oil fuel backup.

10
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2.6.2 Characteristics. For properties of various fuels, handling equipnment, firing
equi prent, and controls, refer to M L-HDBK-1003/6, Central Heating Plants, Section 5,
"Fuel and Conbustion Systens". Wien oil is to be used, the plant shall be capable of
punpi ng and burning grades No. 2 through No. 6 oil.

2.6.3 Types. Type of fuels to be considered are coal/oil, oil, gas/oil, wood,
wast e, and ot her conbi nati ons.

2.7 Codes and Regul ati ons

2.7.1 Conformance. It is mandatory for the Federal CGovernment to conformto
Federal , state, and local air and water pollution abatenment codes.

2.7.2 Environnental Requlations and Permitting. See Section 18.

2.7.3 Pollution Control. See Section 17.

2.7.4 National Industry Codes. Were applicable, design shall conformto the

i ndustry codes including the follow ng:

a) Anerican Society of Mechanical Engineers (ASME), Boiler and Pressure

Vessel Code.
b) Anerican National Standards Institute (ANSI) Standards.
c) Anerican PetroleumlInstitute (API).

d) National Board of Boiler and Pressure Vessels (NBBPV), |nspection Code.

e) Anerican Society of Heating, Refrigerating and Air Conditioning
Engi neers ( ASHRAE).

f) American Society for Testing and Materials (ASTM).
g) Anerican Welding Society (AWS).

h) Anerican Institute of Plant Engineers (Al PE).

i) National Association of Power Engineers (NAPE).

j) National Association of Corrosion Engineers (NACE).

k) National Fire Protection Association (NFPA).

11
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1) Air and Waste Managenent Association (AWA).

m Anerican Institute of Chem cal Engi neers (Al CHE)

n) Institute of Electrical and El ectronics Engineers (I|EEE)

0) Anerican Institute of Mning, Metallurgical, and Petrol eum Engi neers (Al ME)

2.7.5 Safety Requl ations and Requirenents. See Section 14, "Safety
Prot ection" and Section 15, "Fire Protection".

2.8 Plant Location Factors. Power plant |ocation should be determi ned after eval uating the
factors listed in Table 1.

Table 1
Pl ant Location Factors

+))))))?))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))),

* | tem Subitem Conment
Cimte ~  ------------ WII determ ne type of * o *
architecture of * o
buil ding, wall and * *
roof U factors, heating, *  *
and ventilating * o *
*o* Max. and min. dry bul b; Af fects export
heati ng * o * max. wet bulb tenmperature | oad
* heati ng and cool i ng degree *
* days *
* Max. and mn. wnd Affects heating | oad and *
* velocities structural |oading *
* Topogr aphy G ades Affects *x
architecture and *
> floor levels, fuel *
* handl i ng, fuel storage, *
* and drai nage * o *
* Soil - Bearing val ue Det er mi nes structural *
* VWater table foundati ons, drainage, *
* and under ground pi pe *
* distribution *

-3333333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-

12



Table 1 (Cont.)

M L- HDBK- 1003/ 7

Affects floor |evels,
suction lifts,
and foundations

Pl ant Location Factors
*333333333333333133131313131333133331313311331131313)3131)31)))
ltem Subi tem Conmmen
Max. high water
I evel punps,
Frost |ine

Foob % b ok b b b R b X b b X b R X Rk kb X R kX b % % b X k¢ X

Al titude

Orientation

Wat er supply

Local
mat eri al
Local rules
and

regul ati ons

Cat hodi ¢ anal ysi s

Sei sm c zone

Fut ure Expansion

Hei ght above sea | evel

Load Center

Air Field

Docks,
r oads

rail roads, and

Condenser cooling, jacket
cool i ng, makeup water,
donestic water

Air pollution
Wat er

Sewer s
Landfill

Fuel storage

Det er mi nes depth of
wat er and sewer |ines

Det er mi nes cat hodi c
protection

Det erm nes structural
r ei nf or cenent

Affects allocation of

space in plant for expansion

Affects air density and
stack hei ght

Det er mi nes maxi mum
stack heights and hazards

Affects transportation
of fuel and materials

Affects plant |ocation,
wat er treatnent,

May determ ne naterials of

construction

Obtain pernits

Al l ot space, note fire
protection requirenents

?))))))))))))))))))))))

filtering

LI N N N I R N N I N N N R N I R I R R N I N NN R N RN RN N I R )
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Table 1 (Cont.)
Pl ant Location Factors

+)))))))))))))))))))))))))))))))))))))))))))))))))))))?)))))))))))))))))))))),
em

* |t Subitem Conmen *
* Skills and  --------------- Det er mi ne construction *
> availability and operating manpower *
* of local |abor *
* Master plan  --------------- Make sure plant is *
* consistent with Master Plan =
* for activity devel opnent *
* Architectural Miust be conpatible with *
* requirenents surroundi ng buil di ngs *

-33233333333333333333333333333333333333313333313333313333313331331333133133313313I)I))-

2.9 Types of Power Plants

2.9.1 Design. Power plant design varies to suit the various conbination of
el ectrical power generation and export heat requirenents.

2.9.2 Primary Power Plants. Primary power plants nust have adequate capacity to
meet all peacetime requirenents. Types of plants for installations not requiring export
steam or heat:

a) Purchased electric power.

b) Diesel engine-generator rated for continuous duty.

c) Steamboilers with turbine generators of matched capacity. Turbines
can be straight condensing, or conbination condensing and back pressure, as required to
suit plant steam usage.

Types of plants for installations requiring export steam

a) Purchased el ectric power and steam plus steam heating boiler.

b) High pressure steamboilers with back pressure steamturbines of
mat ched capacity. Steam heating boilers can be used to supplenent the requirenments of
the export steam | oad.

c) High pressure steamboilers with autonmatic extraction condensing

turbines. Steam heating boilers can be used to supplement the requirenments of the
export steam | oad.

14
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d) Diesel generator with heat recovery boilers for |ow pressure steam
di stribution and suppl ementary boilers as required for steam export.

15
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Section 3. ADM N STRATI VE PROCEDURE TO DEVELOP A PONER PLANT

3.1 Power Pl ant lLoads

3.1.1 Electric Loads. To determine plant capacity, the data shown
in Tabl e 2 nust be obtained using the denmand coi nci dence and | oad factors discussed in
M L- HDBK- 1004/ 1.

3.1.2 Steam Loads. Determ ne steamloads as indicated in Table 2.

Table 2
Power Pl ant Loads for Design

*3333333333333333333333333313333133331313313313133313133313133313133113311313113131111)))
* Loads to be determ ned in kW

(Determne winter and summer

Types of Electric Load | oads separ at el y)

Export . . . . . . . . . . . . . . . . . See ML-HDBK-1004/1

Plant . . . . . . . . . . . . . . . . . See ML-HDBK-1004/1

Switchgear . . . . . . . . . . . . . . . See ML-HDBK-1004/1

Line losses . . . . . . . . . . . . . . 12%of subtotal (unless nore
accurate data is available).

Total present load . . . . . . . . . . . Total of above.

Total ultimte load . . . . . . . . . . See ML-HDBK-1004/1 (may be
estimated by extending current
| oad trend).

M nimumcontinuous . . . . . . . . . . . See ML-HDBK-1004/1 (as for a
summer ni ght).

Emergency load . . . . . . . . . . . . . See ML-HDBK-1004/1 (denand of

services that cannot tolerate
a 4 hour interruption).

Loads to be Determined in KBtu/hr
(Determne winter and sumer

Types of Steam Load and winter |oads separately)
Condensing turbine . . . . . . . . . . . Rated kWx Heat Rate
Aut o-extraction turbine . . . . . . . . .Rated kWx Heat Rate
Plant auxiliaries . . . . . . . . . . . Steamjet air ejector

Feedwat er heati ng.
Fuel oil heati ng.

Export . . . . . . . . . . . . . . . . . Space heating (radiation)
Use diversity factor of 1.0.
Space heating (ventilation).
Use diversity factor of 0.8.

-332333333333333333333333333333333333333333331333331333331333133133313313313313I)I))-

Foob % b kb b b b X R kX b b R X R X b X Ok kX kX %

Foob % R b b b b b b kX bk b X b b X k% % b X kX %

16
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Table 2 (Cont.)
Power Pl ant Loads for Design

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Export (Cont.). .Uilities (hot water and | aundry).

Use diversity factor of 0.65.
For kitchen use factor of 1.0.
Refrigeration (turbine drive).
Refrigeration (absorption type).
Process.
Di stribution |oss.
Total present load . . . . . . . . . . . Total of above steam | oads.
Total ultimate load . . . . . . . . . . .Maxinumexpected steam|oad for
(including projected present and additional future
future | oad) el ectrical power generation
pl ant steamrequirenents and
export
st eam | oads.
M ni num cont i nuous Same as distribution |oss.
Emergency load . . . . . . . . . . . . . Denmand of services that cannot
tolerate a 4-hour interruption.

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-

3.1.3 Typical Load Curves. For an exanple of a typical |oad curve, see Figure 1.

b % b ok ok % % b % ok F X % X
*****************

3.1.3.1 Gowh Curves. In (a) of Figure 1, note the nornmal trend growth of total steam
and el ectric demands and the additional |oads when new buil dings or processes are added.
This curve is useful in timng power plant additions of equipnent.

3.1.3.2 Load Curves. The average of daily steamand electric demands, (b) of Figure 1,
for the season or year under consideration for each hour of a 24 hour day is al so inportant.
Such curves are useful in determning |oad factors and duration of certain demands, and in
dividing the total |oad anong the plant units. Refer also to Appendix B, Load Sheddi ng.

3.1.3.3 Load Duration Curves. Plot the nunber of hours duration of each |oad during a
year for present and future |oad conditions of steamand electricity usage for the Naval
activity. See (c) of Figure 1. This type of curve is useful in deternmining |oad factors
and in sizing units of power plant equipnent.

Load duration curves for various conditions are shown on Figures 2, 3, 4, and

17
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3.2 St eam Power Pl ant Desi gn

3.2.1 Steam Condi tions. For selection of steam pressures and tenperatures for inlet
conditions to the turbine, see Section 5, Steam Turbine Design. Going slightly beyond a
range bracket (as above 400 psig (2758 kPa gage) and 750 degrees F (399 degrees C)) will
result in price increases and a | ess econom cal design. For boiler outlet conditions
see Section 4, Power Plant Steam Generation. The export steam conditions depend on the
di stribution system and the consum ng equi prent .

3.2.2 Heat Bal ances. Typical extraction condensing, back pressure and autonatic
extraction cycles are shown in Figures 6, 7, and 8. For collateral reading on steam
cycl es and heat bal ances, see Steam Turbines and Their Cycles, Salisbury 1974, Modern
Turbines, L. E. Newnan 1944, Mechanical Engi neers Handbook, Marks 1978, and Power Pl ant
Engi neering, Mrse 1943. A typical heat balance for an extraction condensing cycle is
shown on Figure 9

3.3 Pl ant Design Factors. Power plant design should consider and eval uate the
factors listed in Table 3.

18
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Table 3
Information Required for Design of Power Plants

+323333333333333333333333333333333333331333133133333333133133313313331331331333133133)) »

* Princi pal *
* [tem Subi tem Required Data Coment s *
* Pl ant Maxi mum Export |oad: Heating ot ai n | oads *
* steam cont i nuous (not auto. control) separately for *
* | oad | oad. diversity 0.8-0.9. sumer and *
* Consi der Heating (auto control), wi nter. Determ ne *
* diurnal loads diversity 0.7-0.8 Heati ng | oads by *
* and hourly criteriain *
* | oads. NAVFAC DM 3. 03 and *
* ASHRAE Handbook *
* Fundanental s Chapter =
* 25, "Heating Loads" *
* Uilities hot water, Use factors to *
* kitchen | aundry, obtain diversified *
* diversity 0.5 - 0.7. | oad. *
* Process, diversity Determ ne ratio of *
* vari es. sumof utility and *
* process loads to *
* total | oad. *
* Di stribution | oss. *
* Total summer | oad. *
* Total w nter | oad. *
* Maxi mum Add future load to *
* ultinmate present | oad. *
* | oad. Distribution | oss and *
* M ni mum night utility |oad. *
* cont i nuous Diversified load in all *
* | oad. bui | di ngs where no cut back *
* Essenti al can be tol erated. *
* | oad. M ni mum perm ssi bl e *
* heating and ventilating *
* | oad where cutback can *
* be tol erated. *
* M ni mum heating load to *
* avoi d freeze-up. *
* Export St eam Maxi mum pressure See criteria in *
> fluid required by consuner. M L- HDBK- 1003/ 8, *
* condi tions Maxi mum al | owabl e Ext eri or *

-332333333333333333333333333333333333333333331333331333331333133133313313313313I)I))-
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Table 3 (Cont.)

Information Required for Design of Power Plants
21331333333333333333333333333333333133313131131333131333133313133313331313331313131)))

Subi tem

Condensat e
return

Avail ability

Nat ural gas
Li quid
petrol eum
gas

Fuel oils

Required Data

pressure in distribution

system and in
consumer equi pnent.

Maxi mum pressure drop
t hrough distribution

system

Purity for ship
usage

Condensate fl ow,
pressure, and
tenperature at
condensat e storage/
return tank

Rati o of condensate
return to steam

Reserves for life
of plant

Heati ng val ue,
ultinmate anal ysis,
specific gravity,
noi sture content,
pressure at neter,
del i vered cost per
mllion Btu

Heati ng val ue,
ultinmate anal ysis,
del i vered cost per
mllion Btu

Grade, heating

Comment s

Distribution of
Uility Steam HTW
CHW Gas, and
Conpressed Air.

Use dem nerali zed

wat er for makeup.

See M L- HDBK- 1025/ 2,
Dockside Uilities for

Ship Service, for
other criteria.

Add si mul t aneous
punpi ng rates of
all condensate
return punps.

See Section 2 for
policy.

Det er m ne who
supplies neter,

net er house,

val vi ng arrangenent
and gas pi ping

on site.

Deternmine if gas
supply is firmor
interruptible.

Ascertain supply,

FooF X R % X b % ok F X %

LI I I N N I R I N I B B N I N I
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Table 3 (Cont.)

Information Required for Design of Power Plants
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Pri nci pal

Item

Wat er

Subi tem

Coal

Wbod

Ref use
(rmuni ci pal )

Avail ability

Required Data

value, ultimte
anal ysi s, delivered
cost per mllion
Bt u

Source, heating
value, ultimte
anal ysis, proxi mate
anal ysi s, delivered
cost per

Source, heating
value, ultimte
anal ysi s, delivered
cost per

Sour ce
val ue

heati ng
composi tion

Cost of disposal

Donesti c use.

cool ers. Condensi ng

mllion Btu.

mllion Btu.

Cool i ng
and tenpering punps and

Comment s

if other gas fue

is not avail able
for burner ignition.
Det er m ne how
del i vered, unl oaded
and stored

Det er m ne how
del i vered, unl oaded
stored, and handl ed

Det er m ne how
del i vered, unl oaded
stored, and handl ed

Det er mi ne how
del i vered by
muni ci pal ity or
private haul ers and
how stored and
handl ed

Det ermi ne pol [ ution
abat enent .

Det er mi ne di sposa

by fill on site or

by trucki ng away.

Det ermi ne pol [ ution
abatement. Determ ne
if secure landfil
area i s necessary to
prevent contam nation
of ground wat er

LI I I N N I I N B I R I R 2N R I N N I N B IS N NN R B 2N N B JEE N BN JNE N BN N N N
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Table 3 (Cont.)

Information Required for Design of Power Plants

23233331133333333333333333333333331333331333333331331333133133313313313311331333133)13)D »

Pri nci pal
Item Subi tem

Conposi tion
and Source

Di schar ge

Electric Nor nal
service service
(avail abl e

+
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
* and required)
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

Al ternate
service
Ener gency
service

Pl ant

| ocation

factors

Economi c Compari son

studi es of various
types of

generating
equi pnent fo
full and
partial |oad
generation

Required Data

wat er, nakeup water
for heating plant,
fire protection,
construction purposes.

Cheni cal analysis
Det er mi ne di scharge

t enperature and
comnposi tion.

Environnental restraints.

Inlet tenperature.

Subst ati on capacity

and vol tage avail abl e

Energy and denand
char ges.

Al ternate source in
case of nornal
service failure

Power required
size of electric
gener at or

Capital costs and
operating expense
including utility
costs

r

Comment s

Det er mi ne type
of water treatnent

Determne if
conti nuous.

See Table 1

See Section 2 for

policy.

Use nost

econom cal system
in accord with

Nat i ona
policy.

ener gy

Foob o o ok b b ok b b b X o b b b X ok b kb X R b X R % b X kb X %

-332333333333333333333333333333333333333333331333331333331333133133313313313313I)I))-
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Table 3 (Cont.)
Information Required for Design of Power Plants

+)%)))))))?)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))),
* Principa *
* | tem Subitem Required Data Conment s *
* Choi ce of El ectrical denand | oads. Make life cycle *
* operating Reliability and cost of cost analysis to *
* pressure pur chased power. det erm ne nost *
* and Heati ng | oads, econom cal system =
* tenperature production requirenents, Consider first *
* lines | osses energy cost and operating =
* costs. costs including *
* di stribution *

energy | oss costs
-233333333333333333333333333333333131333133131313331331333133313133313331313II13131I))))-
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Section 4. POAER PLANT STEAM GENERATI ON

4.1 St eam Generators (Boilers). For collateral reading and further detailed
information, see (1) Steamlts Generation and Use, by Babcock & Wl cox, 1978 and (2)
Conbusti on/ Fossil Power Systems, by Conbustion Engineering, |Inc, 1981.

4.2 St eam Pressures and Tenperatures

4.2.1 Rated Pressure and Tenperature. The boiler shall be specified for the maxi num
operating steam pressure required at the superheater outlet for operation of the turbine
generator. The specified operating pressure is the maxi mum operating pressure at the
turbine throttle valve inlet plus the nmain steamline pressure drop (between the
superheater outlet and turbine throttle valve inlet at the naxi mum continuous rating of
the boiler) rounded to the next higher unit of 5 psi (34 kPa gage). Based on the
speci fied operating pressure, the boiler manufacturers will design the boiler parts and
safety val ve pressure settings in accordance with the ASME Boil er and Pressure Vessel
Code, Section 1, Power Boilers.

The boiler shall be specified for the naxi num steam tenperature required at
the superheater outlet for operation of the turbine generator. The specified
tenperature is equal to the sumof the operating tenperature at the turbine throttle
valve inlet plus the nain steamtenperature drop (between the superheater outlet and
turbine throttle valve inlet) with the sumrounded out to the next higher unit of 5
degrees F.

4.2.2 Maxi mum Al | owabl e Working Pressure. The maxi num al | owabl e wor ki ng pressure
(MAWP) of a boiler is an absolute limt of pressure in psig at which a boiler is
permitted to operate. The ASME Boil er and Pressure Vessel Code states that no boiler
shall be operated at a pressure higher than the MAWP except when the safety val ve or
val ves are di schargi ng (bl ow ng).

4.2.2.1 Safety Valves and Safety Relief Valves. |n accordance with the rules of the
ASME Boil er and Pressure Vessel Code, one or nore safety valves on the boiler shall be
set at or below the MAWP. |f additional safety valves are used, the highest pressure

setting shall not exceed the MAWP by nore than 3 percent. The capacity of all safety
val ves or safety relief valves for each boiler shall be such that the valves wll

di scharge all the steamthat can be generated wi thout allow ng the pressure to rise nore
than 6 percent above the highest pressure at which any valve is set and in no case

hi gher than 6 percent above the MAWP.

4.2.2.2 Normal Operating Pressure. |In order to avoid excessive use and wear of safety
or safety relief valves, the maxi num boiler operating pressure in the boiler steamdrum
or at the superheater outlet is usually not greater than 95 percent of the |owest set
pressure of the relief valves at these points. This allows operation of the boiler

bel ow t he bl owdown range of the safety valves, which is usually 3 to 4 percent of the
set pressure.

4.3 Natural Gas Firing. For natural gas characteristics and application, see
NAVFAC M L- HDBK- 1003/ 6, Sections 5 and 9.

4.4 Fuel Gl Firing. For fuel oil characteristics, application, handling,
storage, and burning, see M L-HDBK-1003/6, Sections 5 and 9.

4.5 Coal Firing. For characteristics, application, handling, and storage of
coal, see M L-HDBK-1003/6.

4.5.1 Definitions of Boiler and Stoker Criteria.

4.5.1.1 Stoker Grate Burning Rate. Burning rate is the higher heating value (in Btu)
of the type of coal used; nmultiplied by the nunber of pounds of coal burned per hour to
obtain the rated boiler capacity; divided by the total active burning area, in square
feet, of the stoker grate. The maxi num val ues shown are based on the assunption that
furnace walls are water cooled, that there is adequate furnace volune, and that the nost
desirabl e type of coal for the unit is used; in the absence of these conditions, values
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shoul d be reduced to ensure satisfactory conbustion

4.5.1.2 Velocities in Convection Sections of Boilers. To prevent undue erosion of
boi | er convection tubes, the gas velocities through the convection section shall not
exceed velocities shown in Table 4 for the specific boiler, stoker, and fue
conbi nat i on.

4.5.1.3 Furnace Volune. For water-tube boilers, furnace volune is defined as the
cubi cal volune between the top grate surface (coal) or the floor (gas, oil) and the
first plane of entry into or between the tubes. |If screen tubes are utilized, they
constitute the plane of entry.

4.5.1. 4 Ef fective Radiant Heating Surface. Effective radiant heating surface is
defined as the heat-exchange surface within the furnace boundaries and, in solid-fue
furnaces, above the grate surface that is directly exposed to radiant heat of the flane
on one side and to the nmedium being heated on the other. This surface consists of plain
or finned tubes and headers and plain surfaces, which nay be bare, netal-covered, or
metal lic-ore-covered. Refractory-covered surfaces should not be counted. The surface
shal |l be neasured on the side receiving heat.

Comput ati ons of effective radiant heating surface for water tube boilers
shall be based on the foll ow ng:

a) Bare, netal-covered, or netallic-ore-covered tubes and headers
projected area (external diameter tinmes length of tube) of the tubes or header
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Table 4
Maxi mum Vel ocities (ft/sec) in Convection Sections
for Coal, Wod, or Solid Waste Boilers

+3333333333333333333333333333333333331333333313333333313333313333313313333113133)) »

Singl e Pass Ml ti - Pass *
*_St oker Type Wat er Tube Water Tube *
* Sol i d *
* Coal Wod Wast e Coal *
* Underfeed stoker 75 60 *
* Spreader stoker 60 50 50 *
* Traveling grate *
* (with reinjection) *
* Spreader stoker 60 50 50 *
* Traveling grate *
* (without reinjection) *
> Traveling grate 75 60 *
* (front gravity feed) *
* Solid waste 30 *

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-

b) Extended surface (nmetal and netallic surfaces extending fromthe tubes
or headers): sixty percent of the flat projected area, except that netal bl ocks not
integral with tubes or headers, extended surfaces less than 1/4 inch (6.35 m) thick or
nmore than 1-1/4 inches (31.75 mm in length, and the part of the extended surface which
is nore than one tube or header radius fromthe tube of header fromwhich it extends are
not i ncl uded.

c) Furnace exit tubes: the projected areas of those portions of the
first two rows of exit tubes receiving radiant heat fromthe fire.

4.5.2 Types of Stokers Used in Power Plants

4.5.2.1 Front Gavity Feed Traveling Grate Stoker. For plant capacities in the 25,000
pounds of steam per hour (pph) (11400 kg/hr) to 160,000 pph (7260 Kg/hr) range, the
traveling grate stoker nethod of firing can be used for noderately changing w de | oad
swings. It will handle fuels that have w dely varying characteristics, fromlow
volatile anthracite, coke breeze to high and mediumvolatile bitumnous. It is
particularly efficient with free-burning type coals in the Md-Wst producing areas and
can handl e lignite and subbitum nous coals. The type of furnace configuration,
including long rear arches, are inportant when using the traveling grate stoker to burn
very low volatile fuels, such as anthracite or coke breeze. Front arches are used with
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the high volatile and free-burning M d-Wstern type coals. The feature of the traveling
grate stoker that provides for the utilization of such a wide variety of fuel types is
the undergrate air zoning. These units normally have fromfive to nine individual air
zones whi ch can control the anmount of air adnitted to the fuel bed as it travels from
the free end of the stoker to the discharge. This provides the stoker operation with
trenmendous flexibility to obtain conplete combustion with the various sizes and types of
fuel. Since the fuel bed on the traveling grate stoker is not agitated by vibration as
the bed usually 4 inches (101.6 my) to 6 inches (152.4 mm) depth is noving fromthe feed
end toward the discharge end, the ambunt of particulate fluidization is very low This
means that the traveling grate stoker has a |l ow particulate pollution characteristic as
conpared to other fuel burning stokers. Chain grate stokers are not reconmrended except
to burn low fusion coals with high clinkering tendencies.

4.5.2.2 Overfeed Spreader Stoker with Traveling Grate. The spreader stoker is
characterized by a thin bed and partial burning of coal particles in suspension
Suspensi on burning gives rapid response to | oad changes which is an inportant
characteristic for many industrial process steamplants that need rapid changes in steam
production. This characteristic, together with a nonclinkering thin bed on the grate
provides a unit capable of firing a wi de range of coal grades and types. The spreader
stoker has high availability, ease of operation, and good efficiency. The suspension
burni ng causes a high particulate | oading of the burning gases within the furnace which
without fly ash reinjection, would result in a high carbon loss in the fly ash. Front
di scharge traveling grates are commonly used with spreader stokers. (Dunp, vibrating
reci procating, and oscillating grates are also available). Wth a high particulate

| oadi ng, the spreader stoker requires the use of electrostatic precipitator or baghouse
collectors to prevent particul ate pollution.

4.5.3 Stoker Criteria. See Table 5, Stoker Selection Criteria, for information
necessary for proper selection of a stoker type. Information included in the table are
average criteria gathered from several boiler-stoker nanufacturers' recomrendations

4.5.4 Pul veri zed Coal

4.5.4.1 Coal Feeders. For use with each pulverizer, the coal feeding function can be
acconpl i shed by the use of a separate rotary feeder or conbined with the weighing
function (see para. 4.5.6, Coal Scales), using a volumetric or gravinetric feeder

Pul veri zers, depending on type, nmay operate with either a negative or positive interna
pressure and will also contain hot circulating air. Coal feeders cannot act as a sea
for the pulverizer air, therefore, a height (head) of coal nust be provided and
mai nt ai ned above the feeder inlet to prevent pulverizer air backflow See also M L-
HDBK- 1003/ 6, Section 5.
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Table 5
St oker Selection Criteria

+333333333333333333333333333133333333331333331331133333133133313313331331331331331I) -

Type of Stoker Fuel Requirenents *
* Unit Size Type of Type of *
* Range PPH Feed Gate Si ze Characteristics *
* 25, 000- Front Traveling 1" to 0" top Free burning to medium *
* 160, 000 Gavity size with caking (free swelling *
* maxi mum 60% index less than 6) ash 6 =
* t hough 1/ 4" to 15%volatile matter 28 =
* round hol e to 40% Ash fusion *
* screen (reduci ng atnosphere H= =
* 1/2W mini mum 2750 deg. F =
* m ni mum Btu/l b 11, 500 *
* 25, 000- Over f eed Traveling 1-1/4" to Bitum nous A & B *
* 160, 000 spr eader 3/4" X 0" subbi tum nous or lignite =
* with maxinum volatile natter 25%to 40% >
* 40% t hr ough ash 6 to 15% ash fusion *
* 1/ 4" round (reduci ng atnosphere H= =
* hol e screen 1/2W mini mum 2750 deg. F =
* m ni mum Btu/l b 11, 500 *
* Maxi mum *
* St oker *
* Gate Btu/H ft? *
* Type of Stoker Bur ni ng Btu/H ft® of Radiant Conbustion *
* Unit Size Type of Type of Rates of furnace Heating limted *
* Range PPH Feed Gate Btu/ft? H Volune Sur f ace (turndown) *
* 25, 000- Front Traveling 450,000 35,000 100, 000 6 to 1 *
* 160, 000 Gavity *
* 25,000- Overfeed Traveling 700,00 300, 000 100, 000 2.8to 1 *
* 160, 000 spreader 3.5to0 1 *
-23333333333333333333333333333333333333331313133313133313313131333133131I1313131)I)))-
Not es:
1. The underfeeds and chain grate stokers are not generally applicable to w dely
fluctuating loads, i.e., process type |oads which nay vary in capacity nore than 50%

during any 30 minute period. For applications of swing loads with |l ess than the 30
m nute period, use spreader stoker.

2. \Were availability of proper coal suitable for a particular type stoker is
indeterm nate, consideration should be given to the spreader type stoker.
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3. For definitions of stoker grate burning rates, furnace volune and radi ant heating
surface, see the section.

4. For snokel ess condition, the mninumburning rate for tangent tube or nenbrane
furnace wall construction is 250,000 Btu/ft? hr active stoker grate area which equates to
2/3 - 1 maxi mum boiler turndown, with a tube and tile (spaced tubes backed by

refractory) or refractory furnace. This release rate can be reduced to 200, 000
Btu/ft? hr which equates to 3.5 - 1 maxi num boiler turndown

5. Al grate heat release rates are based on naxi mum continuous rating (MCR) with
all owance for 110%rating for 2 hour energency peak per 24 hours

6. Coal with volatile content |less than indicated should not be applied, as |oss of
ignition could result.

7. Some chain grate designs are applicable for anthracite coal firing

8. Further turndown beyond that indicated under Note 4 nay be obtai nabl e dependent upon
al | owabl e eni ssion requirenents and/or pollution abatenent equipnent applied

9. For excess air requirenents at the boiler outlet over the boiler/stoker limts
operating range, see M L-HDBK-1003/6. Consult boiler and stoker manufacturers for
predicted excess air requirements at various | oads.

10. In cases where coal quality is less than in above tables, consult NAVFAC
headquarters Code 04 for direction.

4.5.4.2 Pul verizers. Pulverizers are used to reduce crushed coal to a powder-Iike
fineness usually in the order of 70 percent passing through a 200 mesh screen. To
facilitate the pulverizing and pneunatic circulation of the coal fuel within the

pul veri zer, hot air (up to 650 degrees F (343 degrees C)) is introduced into the

pul veri zer for the purpose of drying the coal. A pulverizer fan is used either as a
bl ower or exhauster which either forces or draws hot primary air through the pulverizer
and t hrough the discharge coal -air piping to the burners. |If a blower is used, one
pul verizer will usually furnish coal directly to several burners. |f an exhauster is

used, a distributor located beyond the fan discharge is used to distribute the coal -
air mxture to several burners.

a) Types of Pulverizers. The principal types of pulverizers are as
foll ows:

(1) Ball and race
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(2) Roll and race
(3) Ball tube
(4) Attrition

The various types are described in detail in the follow ng boiler
manuf acturers' literature: (1) Babcock & Wl cox, 1978, (2) Conbustion Engi neering, Inc
1981.

b) Turndown Ratio. The operating range of all types of pulverizers
wi t hout reducing the nunber of burners fed fromthe pul verizer(s) is approximtely 35
percent to 100 percent of the maxi mum pul verizer coal capacity. This is usually stated
as not more than 3 to 1 turndown range or ratio

c) Pulverizer Sizing. Base pulverizer selection on coal feed is required
at maxi mum boil er load plus 10 percent for |oad pickup and continuous boil er output at
maxi mum st eam | oad. Pul verizer output varies with coal grindability index and fineness
(percent through 200 nmesh) of grind. These factors nust also be taken into account in
sel ecting nunmber and size of pulverizers. Energency |oss of one pulverizer must be
considered and the remai ning pul veri zer capacity must be sufficient to carry maxi num
boil er steamload. The mnimmboiler load will depend on the nunber of pulverizers and
burners installed and prinary air velocities in the coal-air piping and coal burners
It is desirable to have at least a 3 to 1 turndown on automatic control with all burners
and pul verizers in service. During boiler startup, the firing rate nay be further
reduced by reduci ng the nunber of pulverizers and nunber of burners per pul verizer in
service. Sizing of pulverizers nmust be coordinated with the boil er manufacturer and
usual Iy requires the devel opment of a set of coordination curves of the various factors
i nvol ved such as shown on Figure 10

d) Coal Feed Size. Crushed coal is used as the feed stock for
pul veri zers. The naxi mum coal feed size is dependent upon pul verizer size. The |arger
the pulverizer size, the larger is the coal size which can be accompdated. Coal feed
size ranges from3/4" (19.05 m) x 0" to 1-1/2" (38.1 mm x 0" with 3/4" x 0" being a
size which is comonly used

4.5.5 Pul verized Coal Firing vs. Stoker Coal Firing. The choice between the use of
pul veri zers or stokers can only be deternined by naki ng an econom cal evaluation of life
cycl e costs which include cost of equipnent and installation, fuel, naintenance |abor
and parts, operating |labor, electrical energy, electrical demand, and supplies. For
many years, for industrial power applications, the boiler size breakpoint was

approxi matel y 300, 000 pph (136 000 kg/hr) with pul verizers predom nantly used at this
boil er |1 oad and above. Presently there is a downward trend and the breakpoint for

boil er size is approxi mately 250,000 pph (113 000 kg/hr). Pulverized coal systens are
of high installation costs, high power costs to drive nmlls, nore rigid coa

speci fications, and need highly trained personnel
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4.5.6 Coal Scales. See M L-HDBK-1003/6, regarding the use of rail car scal es and
the use of truck scales for coal delivery. Coal scales are also used to neasure coal
feed to stokers or pulverizers. These are |located at the in-plant bunker outlet and may
be of the batch weigh bucket, volunetric (volume rate of flow neasurenent) belt, or
gravinetric (weight rate of flow neasurenent) belt type.

4.6 Wod Firing. Conbustion systens for wood are usually designed specifically
for the material and nmixture of fuels to be burned. Wen the noisture content is high,
over 60 to 65 percent, supplenental firing of coal, oil, or gas can be used or the wood

must be mxed with | ow noisture fuels so that enough energy enters the boiler to support
combustion. Dry wood nmay have a heating value of 8,750 Btu/lb (20 353 kJ/kg); but at 80
percent noisture, a pound of wet wood has a heating value of only 1,750 Btu/lb (4071

kJ/ kg). The usual practice when burning wood is to propel the wood particles into the
furnace through injectors, along with preheated air, with the purpose of inducing high
turbul ence in the boiler. The wood is injected high enough in the conbustion chanber so
that it is dried, and all but the largest particles are burned before they reach the
grate at the bottomof the furnace. Spreader stokers and cyclone burners work well for
this application. For burning wood as a fuel to produce steam or high tenperature water
(HTW, rmethods should be researched thoroughly and their successful operation, adequate
source of fuel, and econoni cs eval uat ed.

4.6.1 Suspensi on Burning. Small wood chips or saw dust are blown into the furnace
chanmber and burned in suspension. The ash or unburned particles are collected on
traveling grate and transported to ash pit. |In wood burning applications, heat rel eases
have been as high as 1,000,000 Btu/ft? hr. (11 357 373 kJ/nt/hr) of active grate area.

4.7 Soot Blowers. Soot blowers are required for No. 6 fuel oil, coal,
and wood and may or may not be required for No. 2 fuel oil. Additional infornation
regardi ng soot bl owers and bl owi ng nmedi uns are presented in M L-HDBK- 1003/ 6.

4.8 Economi zers. Economizers are located in the boiler flue gas outlet duct and
are used to heat the inconing feedwater by reducing the flue gas tenperature. The
result is an increase in boiler efficiency. For application and design considerations,
see M L- HDBK- 1003/ 6.

4.9 Air Heaters. Air heaters should be used to burn bark and wood chi ps and nay
be used for other fuels if economically justified or required for conbustion. For
addi tional information see M L-HDBK-1003/ 6.

4,10 Forced Draft Fans. For forced draft fan size, types, drives, and general
requirements, refer to M L-HDBK-1003/6.

4.11 Induced Draft Fans. For induced draft fan size, types, drives and general
requirements, refer to ML-HDBK-1003/6. Wen flue gas scrubbers are used, the induced
draft fans nust be able to accomvpdate the boiler full test steam|oad when the
scrubbers are not in operation. |In addition, allowances nmust be nmade for |eakage and
pressure requirements for air pollution control equipnent.
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4.12 Primary Air Fans. Primary air fans nmay be used on |l arge pul verized coal fired
boilers in lieu of pulverizer blowers or exhausters. Primary air fans usually provide
both hot and cold air which can be tenpered before being introduced into the

pul verizers. The cold air is atnospheric air supplied fromthe fan discharge. Part of
the fan discharge goes through a section of the air heater or separate air heater which
in turn raises the temperature to 500 degrees F (260 degrees C) or 600 degrees F (315
degrees C). The hot air is then ducted and tenpered with the cold air to provide the
motive and drying air to the pul verizers at the proper tenperature.

4.13 Overfire Air Fans. Overfire air fans are used on stoker fed coal fired
boilers to reduce snoke and to inprove conbustion efficiency by mxing with unburned
gases and snoke. The quantity of overfire air is usually between 5 and 15 percent of
the total air needed for conbustion of the coal fuel. The pressure and vol une of
overfire air must be sufficient to produce the proper turbul ence for efficient burnup of
t he unburned gases and suspended fuel particles. Fan size is deternined by the boiler
manuf acturer and furnished with the boiler.

4.14 Cinder Return Fans. Cinder return fans are used on sonme stoker fed coal fired
boilers for reinjection of fly ash fromlast pass hoppers and nechanical dust
collectors. Fan size is determ ned by the boiler manufacturer and furnished with the
boi | er.

4.15 Stacks. For description and sizing of stacks, see M L-HDBK-1003/6.

4.16 Bl owdown Equi pnent. For information relative to boiler bl owdown and bl owdown
equi prent, refer to M L-HDBK-1003/6, Section 7, "Water Treatnent".

4.17 Essential Plant Equi pnent

4.17.1 Steam Drive Auxiliaries. On coal stoker-fired installations, steamdriven
boil er feed punps, with total punping capacity to suit the ultimate plant capacity, are
required to satisfy the ASME Boil er and Pressure Vessel Code (Section 1, Paragraph PG
61) requirenent of two neans of feeding water. These punps shall be primarily connected
to the boiler feed header fromthe deaerator and also to the treated water line for an
emer gency water source for the boilers.

4.18 Equi pnent Sel ection. For design information and requirenents needed to design
boil er plants, see Table 6.
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Table 6

Equi prent Sel ection For Boiler Plants

+32332333333333333333333333332131333313333131313133313133313133313133131331)3313131311311))
Pertinent Information

*

*

Bk % b ok b b ok R X ok b kb X R b o b X b b X R % X b X % ¢ X

Equi prent

Wat er tube boiler
(shop assenbl ed)

Wat er tube boil er
(field erected)

Air heater

Economi zer
(part of boiler
unit)

Super heat er
(part of boiler)

Size or Type
10, 000 to 25,000 pph

30,000 to 160, 000 pph

Tubul ar or regenerative

Bare tube or cast iron
covered tube for coal
or high sulfur oil.

Fi nned tubes for No. 2
fuel oil, gas.

Coal /oil or coal/oil/gas
or coal fired

Coal /oil or coal fired.
Gas can be used if allowed
by current energy policy.
Casing to withstand not

| ess than 20 inches WG
Maxi mum casi ng surface
tenperature not to exceed
150 degrees F.

Use for wood firing, some
coal firing where required
for proper conbustion or when
economcally justified. Keep
outl et gas tenperature

above dew point. Maxi mum
tenperature of conbustion

air shall not exceed 350 deg F

for coal stoker or wood chip
firing; pulverized coal firing
may use tenperatures up to
600 deg F. M nimum flue gas
tenperature range is 300 to
350 degrees F.

Use where economnically
justified. Keep outlet gas
t enperature above dew point.

Keep water inlet

tenperature from 230 deg F
to 250 degrees F depending
on sul fur content of fuel.

Dr ai nabl e

LI N N I N N N N I R N N I R N I R I R I N N I R I I N R I
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Table 6 (Cont.)
Equi prent Sel ection For Boiler Plants

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

* Equi prent Size or Type Pertinent Information

Forced draft fan Backward inclined or Safety factor for test

M L- F- 18523, backward curved single bl ock ratings sanme as

Fan, Centrifugal t hi ckness bl ade for ID fans.

Draft Forced and

| nduced

Induced draft fan Straight radial with Safety factor for test

M L- F- 18523 shrouds or radial tip bl ock ratings. Coal, 20%
(forward curved- excess pressure; oil and
backward i ncli ned) gas, 10 to 15% excess

vol une, 20 to 25% excess
pressure. Add 25 deg F to
tenperature of gas.

Wet scrubber Fl ue gas desul furization for
fuel sulfur content up to 4.5%
Baghouse Pul se jet cleaning up Particle removal fromflue
to 50,000 actual cubic gas. Do not use for oil
cubic feet per mnute firing because of bag
(ACFM). Reverse air bl i nding or for wood chip
cl eani ng over 100, 000 or solid waste firing be
ACFM  Either pul se cause of fire hazard. Use
jet or reverse air with fuel with sulfur
bet ween 50, 000 and content in conpliance with
100, 000 ACFM air pollution regulation
or with a dry scrubber.
Mechani cal Mul tiple tube, high Fl ue gas large particul ate
cycl one dust efficiency renmoval, 60 to 80%
col | ect or efficiency is common m ni num

protection for ID fan. Use
upstream of baghouse.

El ectrostatic Rigid frame Particul ate renpval from
precipitator flue gas. Use with fuel
which is in conpliance with
air pollution control
regul ations for sul fur.

LN I N I I N N N I I I R N I N I N N I I N I I N RN N I I
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Table 6 (Cont.)
Equi prent Sel ection For Boiler Plants

+323331331333333333333133133133133333333331333333311331333133133313313313333333333133)) »

*

*

LN I R B I N I R I B R R I N N N N N N R N N I N I R R

Equi prent

Soot bl owers

Condensat e
receiver

Deaer ati ng

heat er and tank
M L- H 1766CC,

Heat er ,

Fl ui d,

Deaerating

Boi | er feed punps

(centrifugal)

M L- P- 17552
hori zontal |y
split,

mul ti st age,
al l oy punps

Condenser
condensat e

punps

hi gh

Size or Type

Conpressed air
or steam oper at ed

60 to 180 mnute
storage capacity at
ultimate plant
capacity.

15 to 20 minutes
storage capacity at
ultimate plant
capacity

Coal fired plants
and oil or gas
fired boilers:

one notor driven
punp per boiler.
Pump to be 1.25 x
boi | er steaning
capacity; plus two
steam dri ven punps
1.25 x hal f of
ultimate plant
capacity.

Two per condenser.
Size each for 1.25 x
condenser
rate.

maxi mum f | ow

pl ant

Pertinent Informatio

n

Requi red for burning
fuel oil and coal an
possibly for No. 2 f
Not required for gas

Steel plate tank wit
corrosion resistant
suitabl e for 250 deg

For
use 180 m nutes
strai ght condensing
use 60 to 90 m nutes

Tray type to be used
with rmultiport back
pressure relief valv

No. 6
d

uel oil.
firing.

h
|'i ner
rees F.

automatic extraction

. For
pl ant

. Use

e.

For adequat e nini mum punp
flow, use autommtic flow

contro
control |l ed di scharge
system for each punp

Di scharge water to deaerator

storage tank. Consi
vari abl e speed drive
over 10 HP. Conside
not or
turbine drive with ¢
to permt instantane
changeover from one
to the other.

Hori zont a
vertica

split cas
can type pu

val ve or automatically

der
i f
r dual

drive and steam

| utch
ous
drive

e or
nps.

Foob % ok % % b X ¢ X ¥

*
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Table 6 (Cont.)
Equi prent Sel ection For Boiler Plants

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
* Equi pnent Size or Type Pertinent Information

Condensat e Two nmotor driven punps Provi de bypass orifice at

LI N N N N N N N N N N I I R I N R I N R N N R )

transfer per boiler. Each punp each punp. Discharge of
punps to be 1.25 x boiler bypass to go to condensate
M L- P- 17552 st eam ng capacity. tank. Consider variable
Consi der one steam speed drive if over 10 HP
turbine driven punp Horizontal split case or
in lieu of one of vertical can type punps.
the nmotor driven
punps.
Feedwat er Two el ement (steam Use three el enent punp

regul ators

St eam Tur bi nes
for Mechanica

Drive M L-T-18246,

St eam Tur bi nes
for Mechani ca
Drive

flow drum | evel)
purmp control or
three el enent (drum
| evel, steam fl ow,
wat er - f | ow)

purrp control

Size for maxi mum

hor sepower required
under all possible
operating conditions

control where boilers are
operat ed sinultaneously or
have severely fluctuating
| oads.

Can be used for condensate
transfer punp, boiler feed
punp, forced draft fan

i nduced draft fan, over
fire fan. Use to reduce
el ectric consunption of
heating plant. Assure
sufficient electric
auxiliaries to preclude

at mospheri c exhaust

during | ow | oad periods
Consi der both motor drive
and steam turbine drive
with overrunning clutch

or units to permt

i nst ant aneous changeover

fromone drive to the other

Foob % b ok kb b b X bk R ok b X b b X b b X ok X k% % ot

*

*
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Section 5. STEAM TURBI NE DES| GN

5.1 Typical Plants and Cycles

5.1.1 Definition. The cycle of a steam power plant is the group of interconnected
maj or equi pnent conponents sel ected for optinmumthernodynani c characteristics, including
pressures, tenperatures, and capacities, and integrated into a practical arrangement to
serve the electrical (and sonetines by-product stean) requirements of a particular
project. Selection of the opti mumcycle depends upon plant size, cost of noney, fue
costs, non-fuel operating costs, and mai ntenance costs.

5.1.2 St eam Turbine Prine Mvers

5.1.2.1 Smal | er Turbines. Turbines under 1,000 kWmay be single stage units because
of lower first cost and sinplicity. Single stage turbines, either back pressure or
condensi ng, are not equi pped with extraction openings.

5.1.2.2 Larger Turbines. Turbines for 5,000 kWto 30,000 kWshall be multi-stage
mul ti-valve units, either back pressure or condensing types

a) Back Pressure Turbines. Back pressure turbine units usually exhaust at
pressures between 5 psig (34 kPa gage) and 300 psig (2068 kPa gage) with one or two
controlled or uncontrolled extractions. However, there is a significant price
di fference between controlled and uncontrolled extraction turbines, the forner being
nore expensive. Controlled extraction is normally applied where the bleed steamis
exported to process or district heat users.

b) Condensi ng Turbines. Condensing units exhaust at pressures between 1
inch of mercury absolute (Hga) and 5 inches Hga, with up to two controlled, or up to
five uncontrol |l ed extractions.

5.1.3 Sel ection of Cycle Conditions. The function or purpose for which the plant is
i ntended determ nes the conditions, types, and sizes of steam generators and turbine
drives and extraction pressures.

5.1.3.1 Si npl e Condensing Cycles. Straight condensing cycles or condensing units with
uncontroll ed extractions are applicable to plants or situations where security or
isolation frompublic utility power supply is nore inportant than | owest power cost.
Because of their higher heat rates and operating costs per unit output, it is not likely
that sinple condensing cycles will be economically justified for a nmilitary power plant
application as conpared with that associated with public utility purchased power costs
A schematic diagram of an uncontrolled extraction-cycle is showmn in Figure 11

5.1.3.2 Controlled Extraction-Condensing Cycles and Back Pressure Cycles. Back
pressure and controll ed extraction-condensing cycles are attractive and applicable to a
cogeneration plant, which is defined as a power plant sinultaneously supplying either

el ectric power or nechanical energy and heat energy. A schenatic diagramof a
controll ed extraction-condensing cycle is shown in Figure 12. A schematic diagramof a
back pressure cycle is shown in Figure 13

43



M L- HDBK- 1003/ 7

5.1.3.3 Topping Cycle. A schenatic diagramof a topping cycle is shown in Figure 14.
The topping cycle consists of a high pressure steam boiler and turbine generator with
the hi gh pressure turbine exhausting steamto one or nore | ow pressure steam turbine
generators. High pressure topping turbines are usually installed as an addition to an
existing | ower pressure steamelectric plant.

5.1.4 General Econonmic Rules. Maximumoverall efficiency and econony of the steam
turbi ne power cycle are the objectives of a satisfactory design. Hi gher efficiency and
a lower heat rate require nore conpl ex cycles which are acconpani ed with higher initial
i nvest ment costs and hi gher operational and nai ntenance costs but |ower fuel costs.
General rules to consider to inprove the plant efficiency are listed hereinafter.

a) Higher steam pressures and tenperatures increase the turbine
efficiencies, but tenperatures above 750 degrees F (399 degrees C) usually require nore
expensive alloy piping in the high pressure steam system

b) Lower condensing pressures increase turbine efficiency. However, there
is alimt where |owering condensing (back) pressure will no |onger be econom cal,
because the costs of |owering the exhaust pressure is nore than the savings fromthe
nmore efficient turbine operation.

c) The use of stage or regenerative feedwater cycles inproves heat rates,
with greater inprovenment corresponding to |arger nunbers of such heaters. 1In a
regenerative cycle, there is also a thernodynanic crossover point where | owering of an
extraction pressure causes |less steamto flow through the extraction piping to the feed
wat er heaters, reducing the feedwater tenperature. There is also a linit to the nunber
of stages of extraction/feedwater heating, which nmay be econonically added to the cycle.
This occurs when additional cycle efficiency no |longer justifies the increased capital
cost.

d) Larger turbine generator units are generally nore efficient than
smal l er units.

e) Milti-stage and multi-valve turbines are nore econoni cal
than single stage or single val ve machi nes.

f) Steam generators of nore el aborate design and with heat saving
accessory equi prent are nore efficient.
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5.1.5 Sel ection of Cycle Steam Conditions

5.1.5.1 Bal anced Costs and Econony. For a new or isolated plant, the choice of
initial steam conditions should be a bal ance between enhanced operati ng econony at

hi gher pressures and tenperatures, and generally lower first costs and less difficult
operation at |ower pressures and tenperatures.

Realistic projections of future fuel costs nay tend to justify higher pressures and
tenperatures, but such factors as |ower availability, higher maintenance costs, nore
difficult operation, and nore el aborate water treatnent shall al so be considered

5.1.5.2 Extension of Existing Plant. Were a new steam power plant is to be installed
near an existing steam power or steam generation plant, careful consideration shall be

given to extending or paralleling the existing initial steamgenerating conditions. |If
exi sting steamgenerators are sinply not usable in the new plant cycle, it may be
appropriate to retire themor to retain themfor emergency or standby service only. |If

boilers are retained for standby service only, steps shall be taken in the project
design for protection against internal corrosion

5.1.5.3 Speci al Considerations. Were the special circunmstances of the establishment
to be served are significant factors in power cycle selection, the follow ng
consi derations may apply:

a) Electrical Isolation. Were the proposed plant is not to be
interconnected with any local electric utility service, the selection of a sinpler,
| omer pressure plant may be indicated for easier operation and better reliability.

b) Geographic Isolation. Plants to be installed at great distances from
sources of spare parts, nmintenance services, and operating supplies may require specia
consideration of sinplified cycles, redundant capacity and equi prent, and hi ghest
practical reliability. Special nmintenance tools and facilities may be required, the
cost of which would be affected by the basic cycle design

c) Weather Conditions. Plants to be installed under extrene weat her
conditions require special consideration of weather protection, reliability, and
redundancy. Heat rejection requires special design consideration in either very hot or
very cold weather conditions. For arctic weather conditions, circulating hot water for
the heat distribution mediumhas many advantages over steam and the use of an
antifreeze solution in lieu of pure water as a distribution medium should receive
consi derati on.

49



M L- HDBK- 1003/ 7

5.1.6 St eam Power Pl ant Arrangenent

5.1.6.1 General. Snall units utilize the transverse arrangenment in the turbine
generator bay, while the larger utility units are very long and require end-to-end
arrangenment of the turbine generators.

5.1.6.2 Typical Small Plants. Figures 15 and 16 show typical transverse small plant
arrangenments. Small units less than 5,000 kWnmay have the condensers at the sane | evel
as the turbine generator for econony, as shown in Figure 15. Figure 17 indicates the

critical turbine room bay clearances.

5.1.7 Heat Rates. The final measure of turbine cycle efficiency is represented by
the turbine heat rate. It is determned froma heat bal ance of the cycle, which
accounts for all flow rates, pressures, tenperatures, and enthal pies of steam
condensate, or feedwater at all points of change in these thernodynanic properties.
Heat rate is an excellent neasure of the fuel economy of power generation.

5.1.7.1 Heat Rate Units and Definitions. The econony or efficiency of a steam power
plant cycle is expressed in terms of heat rate, which is total thermal input to the
cycle divided by the electrical output of the units. Units are Btu/kW.

a) Conversion to cycle efficiency, as the ratio of output to input energy,
may be made by dividing the heat content of one kW, equivalent to 3412.14 Btu by the
heat rate, as defined. Efficiencies are seldomused to express overall plant or cycle
performance, although efficiencies of individual conponents, such as punps or steam
generators, are comonly used.

b) Power cycle econony for particular plants or stations is sonetines
expressed in ternms of pounds of steam per kilowatt hour, but such a paraneter is not
readily conparable to other plants or cycles and omts steam generator efficiency.

c) For nmechanical drive turbines, heat rates are some times expressed in

Bt u per hp-hour, excluding |osses for the driven nachine. One horsepower hour is
equi val ent to 2544.43 Btu.
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5.1.7.2 Turbine Heat Rates

a) Goss Turbine Heat Rate. The gross heat rate is determ ned by dividing
the heat added in the boiler between feedwater inlet and steamoutlet by the kil owatt
output of the generator at the generator termnals. The gross heat rate is expressed in
Btu per kWh. For reheat cycles, the heat rate is expressed in Btu per kWh. For reheat
cycles, the heat added in the boiler includes the heat added to the steam through the
reheater. For typical values of gross heat rate, see Table 7.

Table 7
Typi cal Gross Turbine Heat Rates

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Throttle Throttle Reheat *
* Turbine Generator Pressure Tenp. Tenmp. Pressure Heat Rat e *
* Rating, kW psi g E F in. Hyg Abs. Btu/ kW *
* 11, 500 600 825 - 11/2 10, 423 *
* 30, 000 850 900 - 11/2 9, 462 *
* 60, 000 1, 250 950 - 11/2 8, 956 *
* 75, 000 1, 450 1, 000 1, 000 11/2 8, 334 *
*125, 000 1, 800 1, 000 1, 000 11/2 7,904 *
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b) Net Turbine Heat Rate. The net heat rate is deternined the same as for
gross heat rate, except that the boiler feed punp power input is subtracted fromthe
generator power output before dividing into the heat added in the boiler.

c) Turbine Heat Rate Application. The turbine heat rate for a
regenerative turbine is defined as the heat consunption of the turbine in ternms of "heat
energy in steam' supplied by the steamgenerator, mnus the "heat in the feedwater" as
war med by turbine extraction, divided by the electrical output at the generator
terminals. This definition includes mechanical and electrical |osses of the generator
and turbine auxiliary systens, but excludes boiler inefficiencies and punping | osses and
|l oads. The turbine heat rate is useful for perform ng engineering and econom c
conpari sons of various turbine designs.

5.1.7.3 Plant Heat Rates. Plant heat rates include inefficiencies and | osses external
to the turbine generator, principally the inefficiencies of the steam generator and

pi ping systens; cycle auxiliary |osses inherent in power required for punps and fans;
and rel ated energy uses such as for soot blow ng, air conpression, and sinilar services.

a) Goss Plant Heat Rate. This heat rate (Btu/kW) is determ ned by
dividing the total heat energy (Btu/hour) in fuel added to the boiler by the kil owatt
out put of the generator.
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b) Net Plant Heat Rate. This heat rate is determ ned by dividing the
total fuel energy (Btu/hour) added to the boiler by the difference between power
(kilowatts/hour) generated and plant auxiliary electrical power consuned.

5.1.7. 4 Cycle Performance. Both turbine and plant heat rates, as above, are usually
based on cal cul ati ons of cycle performance at specified steady state | oads and wel |
defined, optimum operating conditions. Such heat rates are sel dom achieved in practice
except under controlled or test conditions.

5.1.7.5 Long Term Averages. Plant operating heat rates are actual |ong term average
heat rates and include other such | osses and energy uses as non-cycle auxiliaries, plant
lighting, air conditioning and heating, general water supply, startup and shutdown

| osses, fuel deterioration |losses, and related items. The gradual and inevitable
deterioration of equipnment, and failure to operate at optimumconditions, are reflected
in plant operating heat rate data.

5.1.7.6 Pl ant Econony Cal cul ations. Calculations, estimates, and predictions of steam
pl ant performance shall allow for all normal and expected | osses and | oads and shoul d
therefore, reflect predictions of nonthly or annual net operating heat rates and costs
El ectric and district heating distribution | osses are not usually charged to the power
pl ant but shoul d be recognized and allowed for in capacity and cost analyses. The
designer is required to devel op and optinize a cycle heat bal ance during the conceptua
or prelimnary design phase of the project. The heat bal ance depicts, on a sinplified
flow di agram of the cycle, all significant fluid nass flow rates, fluid pressures and
tenperatures, fluid enthal pies, electric power output, and cal cul ated cycle heat rates
based on these factors. A heat bal ance is usually devel oped for various increnments of
pl ant | oad such as 25, 50, 75, 100 percent and WAD (val ves, wi de open). Conputer
prograns have been devel oped which can quickly optimize a particular cycle heat rate
using iterative heat bal ance cal cul ations. Use of such a program shoul d be consi dered

5.1.8 St eam Rat es

5.1.8.1 Theoretical Steam Rate. Wen the turbine throttle pressure and tenperature
and the turbine exhaust pressure (or condensing pressure) are known, the theoretica
steamrate can be cal cul ated based on a constant entropy expansi on or can be determ ned
from published tables. See Theoretical Steam Rate Tabl es, The Anerican Society of
Mechani cal Engineers, 1969. See Table 8 for typical theoretical steamrates
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Table 8
Theoretical Steam Rates
LB/ KWH
+3233333323333331133333313333331333313133133331131333331333131333131331313313)3131)))))) »
* Pin, PSIG 100 200 250 400 600 850 1250 1450 1600 =
* Tin, F Sat . Sat . 550 750 825 900 950 1000 1000 =
* Exhaust. P *
* 1" HGA 10. 20 9.17 8.09 6. 85 6. 34 5.92 5.62 5.43 5.40 *
* 2" HGA 11.31 10.02 8.78 7.36 6.76 6. 28 5.94 5.73 5.69 *
* 3" HRA 12.12 10.62 9.27 7.71 7.05 6. 53 6. 16 5.93 5. 89 *
* 0 PSIG 22.73 17.52 14.57 11.19 9.82 8.81 8.10 7.72 7.62 *
* 5 PSIG 26.07 19.35 15.90 11.99 10.42 9.29 8. 49 8. 07 7.96 *
* 10 PSI G 29.52 21.10 17.15 12.71 10.96 9.71 8. 83 8. 38 8. 26 *
= 15 PSI G 33.20 22.83 18.35 13.38 11.44 10.08 9.14 8. 66 8.52 *
* 20 PSI G 37.17 24.56 19.53 14.02 11.90 10.43 9.42 8.91 8.76 *
* 25 PSI G 41.56 26.31 20.70 14.63 12.34 10.76 9.68 9.14 8. 98 *
* 50 PSIG 74.8 35.99 26.75 17.56 14.31 12.22 10.80 10.15 9.94 *
*100 PSI G 66.6 42.40 23.86 18.07 14.77 12.65 11.78 11.46 *
*150 PSI G 71.8 31.93 22.15 17.33 14.35 13.26 12.79 *
*200 PSI G 43.51 26.96 20.05 16.05 14.72 14.08 *
*300 PSI G 40.65 26.53 19.66 17.74 16.70 *
*400 PSI G 78.3 35.43 23.82 21.10 19.52 *
*500 PSI G 49.03 28.87 25.03 22.69 *
*600 PSI G 73.1 35.30 29.79 26.35 *

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-

The equation for the theoretical steamrate is as foll ows:
EQUATI ON: T.S.R = 3413/ (h, - hy) (1)
wher e:

T.S.R = theoretical steamrate of the turbine, |b/kW
h, = throttle enthal py at the throttle pressure and
tenperature, Btu/lb
h, = extraction or exhaust enthal py at the exhaust pressure
based on isentropic expansion, Btu/lb

5.1.8.2 Turbine Generator Engine Efficiency. The engine efficiency is an overal
efficiency and includes the entire perfornmance and nechani cal and el ectrical |osses of
the turbine and generator. The engine efficiency can be cal cul ated using the follow ng
equati on:

EQUATI ON: ne =  (h, - hynng(h, - hy) (2)
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wher e:
n. = Turbine generator engine efficiency
h, and h, = (see Equation 1)
h, = Actual extraction or exhaust enthal py, Btu/lb
nt = Turbi ne nechani cal efficiency

n Generator efficiency

Q

Engi ne efficiency is usually obtained fromturbi ne generator manufacturers
or their literature. Therefore, it is not usually necessary to cal cul ate engi ne
efficiency.

Typi cal turbine generator engine efficiencies are provided in Figure 18.

5.1.8.3 Actual Steam Rate. The actual steamrate of a turbine can be determ ned by
dividing the actual throttle steamflow rate in pounds per hour by the actual
corresponding kilowatts, at the generator terminals, produced by that anmpbunt of steam
The resulting steamrate is expressed in pounds of steam per kW. The actual steamrate
can al so be determined by dividing the theoretical steamrate by the engine efficiency
of the turbine generator.

EQUATI ON: ASR =T.S R/n, (3)
wher e:
A.S.R = actual steamrate of the turbine, |b/kWh.
5.2 Cogeneration in Steam Power Plants. Cogeneration in a steam power plant
affects the design of the steamturbine relative to the type of cycle used, the exhaust

or extraction pressures required, the |oading of the steamturbine, and the size of the
steam turbine. Appendix C presents a further discussion on steam plant cogenerati on.

5.2.1 Definition. In steam power plant practice, cogeneration normally describes an
arrangenent whereby hi gh pressure steamis passed through a turbine prinme nover to
produce el ectrical power, and thence fromthe turbine exhaust (or extraction) opening to
a |l ower pressure steam (or heat) distribution systemfor general heating, refrigeration,
or process use.
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Figure 18
Turbine Efficiencies vs Capacity
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5.2.2 Common Medium St eam power cycles are particularly applicable to cogeneration
situations because the actual cycle medium steam is also a convenient mediumfor area
di stribution of heat.

a) The choice of the steamdistribution pressure should be a bal ance
between the costs of distribution, which are slightly |ower at high pressure, and the
gain in electrical power output by selection of a | ower turbine exhaust or extraction
pressure.

b) Oten, the early selection of a relatively | ow steamdistribution
pressure is easily accommodated in the design of distribution and utilization systens,
whereas the hasty selection of a relatively high steamdistribution pressure nay not be
recogni zed as a distinct economic penalty on the steam power plant cycle

c) Hot water heat distribution may al so be applicable as a district
heating mediumwi th the hot water being cooled in the utilization equipnent and returned
to the power plant for reheating in a heat exchange with exhaust (or extraction) steam

5.2.3 Rel ati ve Econony. Wen the exhaust (or extraction) steamfrom a cogeneration
plant can be utilized for heating, refrigeration, or process purposes in reasonable
phase with the required electric power |oad, there is a narked econony of fuel energy
because the nmmj or condensing | oss of the conventional steam power plant (Rankine) cycle
is avoided. |f a good bal ance can be attained, up to 75 per cent of the total fue
energy can be utilized, as conpared with about 40 percent for the best and | argest
Ranki ne cycle plants and about 25 to 30 percent for small Rankine cycle systens.

5.2.4 Cycle Types. The two nmjor steam power cogeneration cycles,
whi ch may be conbined in the same plant or establishnment, are the back pressure and
extraction-condensi ng cycl es.

5.2.4.1 Back Pressure Cycle. 1In a back pressure turbine, the entire flowto the
turbine is exhausted (or extracted) for heating steamuse. This cycle is nore effective
for heat econony and for relatively |ower cost of turbine equipment, because the prinme
mover is smaller and sinpler and requires no condenser and circul ating water system
Back pressure turbine generators are limted in electrical output by the ambunt of
exhaust steamrequired by the heat |oad and are often governed by the exhaust steam
load. They, therefore, usually operate in electrical parallel with other generators

5.2.4.2 Extraction- Condensing Cycle. Wiere the electrical demand does not correspond
to the heat demand, or where the electrical |oad nust be carried at tinmes of very |ow
(or zero) heat dermand, then condensing-controlled extraction steamturbine prime novers
as shown in Figure 12, may be applicable. Such a turbine is arranged to carry a
specified electrical capacity either by a sinple condensing cycle or a conbination of
extraction and condensing. Wile very flexible, the extraction machine is relatively
conplicated, requires conplete condensing and heat rejection equi prent, and nust al ways
pass a critical mnimumflow of steamto its condenser to cool the | ow pressure buckets
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5.2.5 Criteria For Cogeneration. For minimmecononc feasibility, cogeneration
cycles will neet the following criteria:

5.2.5.1 Load Bal ance. There should be a reasonably bal anced rel ati onship between the
peak and nornmal requirenments for electric power and heat. The peak/normal ratio should
not exceed 2:1.

5.2.5.2 Load Coi nci dence. There should be a fairly high coincidence, not |ess than 70
percent, of time and quantity denands for electrical power and heat.

5.2.5.3 Size. Wile there is no absolute mnimumsize of steam power plant which can
be built for cogeneration, a conventional steam (cogeneration) plant will be practical
and economi cal only above some m ni mum size or capacity, bel ow which other types of
cogeneration, diesel, or gas turbine becone nore econonical and convenient.

5.2.5.4 Distribution Medium Any cogeneration plant will be nore effective and
econom cal if the heat distribution mediumis chosen at the | owest possible steam
pressure or |owest possible hot water tenperature. The power energy delivered by the
turbine is highest when the exhaust steam pressure is |owest. Substantial cycle

i nprovenment can be nade by sel ecting an exhaust steam pressure of 40 psig (276 kPa gage)
rather than 125 psig (862 kPa gage), for exanple. Hot water heat distribution should

al so be considered where practical or convenient, because hot water tenperatures of 200
to 240 degrees F (93 to 116 degrees C) can be delivered with exhaust steam pressure as
low as 20 to 50 psig (138 to 345 kPa gage). The balance between distribution system
and heat exchanger costs, and power cycle effectiveness should be optim zed.

5.3 Tur bi ne Types
5.3.1 Condensi ng Types

5.3.1.1 Hi gh Pressure Extraction Type. Turbines with throttle pressures generally
above 400 psig (2758 kPa gage) are considered high pressure nachi nes; however, the exact
demar cati on between high, intermediate, and | ow pressure turbines is not definite.
Turbines built with provisions for extraction of steamfromthe turbine at internediate
pressure points below the throttle pressure are called extraction turbines. The
extracted steam may be used for process systens, feed water heating, and environmental
heating. A typical cycle using a high pressure extraction type turbine is shown in

Fi gure 12.

5.3.1.2 High Pressure Non-Extraction Type. The high pressure non-extraction

type of turbine is basically the same as the extraction type described in 5.3.1.1 above,
except no steamis extracted fromthe turbine. H gh pressure steamenters the turbine
throttle and expands through the turbine to the condenser. The condenser pressure is
conparabl e to that with high pressure extracti on machi nes.
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5.3.1.3 Automatic Extraction Type. Automatic extraction turbines usually operate with
hi gh pressure, high tenperature throttle steam supply to a high pressure turbine
section. The exhaust pressure of the high pressure turbine is held constant by nmeans of
autonatic extraction gear (valve) that regul ates the anount of steam passing to the |ow
pressure turbine. Single automatic extraction turbines provide steamat a constant
pressure fromthe automatic extraction opening, usually in the range of 50 to 150 psig
(345 to 1034 kPa gage). Double automatic extraction turbines consist of a high
internedi ate, and | ow pressure turbine section and provide steamin the range of 50 to
150 psig (345 to 1034 kPa gage) at one autonmtic extraction opening and 10 to 15 psig
(69 to 103 kPa gage) at the other automatic extraction opening. Autonatic extraction
turbine generators operating automatically meet both automatic extraction steam and

el ectrical demands by adjusting the flow of steamthrough the | ow pressure turbine. A
typical automatic extraction cycle is shown in Figure 19

Aut omatic extraction turbines nmay be either condensing (condenser pressure
1.0 to 4.0 inches of Hg Abs.) or noncondensing (usually 5 to 15 psig (34 to 103 kPa
gage) back pressure).

5.3.1.4 M xed Pressure or Induction Type. The m xed pressure or induction type
turbine is supplied with steamto the throttle and also to other stages or sections at a
pressure lower than throttle pressure. This type of machine is also called an adm ssion
type. The steamadmitted into the | ower pressure openings nay conme fromold | ow
pressure boilers, or it may be the excess fromauxiliary equi pnent or processes. The

m xed pressure turbine is the sane as an automatic extraction turbine described in
5.3.1.3 above, except steamis adnitted instead of extracted at the automatic controlled
openi ng.

5.3.1.5 Low Pressure Type. Low pressure turbines are those with throttle pressures

general ly bel ow 400 psig (2758 kPa gage). However, the pressure dividing point varies
dependi ng on the manufacturer and type of turbine (industrial, nmechanical drive, etc.)
The variations as described in 5.3.1.1, 5.3.1.2, and 5.3.1.3 above are al so applicable
to | ow pressure turbines.

5.3.2 Noncondensi ng Types

5.3.2.1 Super posed or Topping Type. Refer to para 5.1.3.3, and Figure 14 in this
handbook for a description of topping turbine and cycle
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5.3.2.2 Back Pressure Type. Back pressure turbines usually operate with high
pressure, high tenperature throttle steam supply, and exhaust at steam pressures in the
range of 5 to 300 psig (34 to 2068 kPa gage). Un-controlled steam extraction openi ngs
can be provided depending on throttle pressure and exhaust pressures. Two nethods of
control are possible. One of the nethods nmodul ates the turbine steamflow to be such as
to maintain the turbine exhaust pressure constant and, in the process, generate as much
electricity as possible fromthe steam passing through the turbine. The amount of
electricity generated, therefore, changes upward or downward with |ike changes in steam
demand fromthe turbine exhaust. A typical back pressure cycle is shown in Figure 13.
The other nethod of control allows the turbine steamflow to be such as to provide

what ever power is required fromthe turbine by driven equipnent. The turbine exhaust
steam nmust then be used, at the rate flow ng through the turbine, by other steam
consum ng equi prent or excess steam if any, nmust be vented to the atnopsphere.

5.3.2.3 Atnospheric Exhaust. Atnospheric exhaust is the termapplied to mechanical
drive turbines which exhaust steam at pressures near atnospheric. These turbines are
used in power plants to drive equipment such as punps and fans.

5.4 Turbine Generator Sizes. See Table 9 for nom nal size and other
characteristic data for turbine generator units.

5.4.1 Noncondensi ng and Automatic Extraction Turbines. The sizes of turbine
generators and types of generator cooling as shown in Table 9 generally apply also to
these types of turbines.

5.4.2 Geared Turbine Generator Units. Geared turbine generator units utilizing

mul ti stage nechanical drive turbines are available in sizes ranging generally from 500
to 10,000 kW Single stage geared units are available in sizes from 100 kWto 3,000 kW
Mil tistage units are also available as single valve or nulti-valve, which allows further
di vi sion of size range. Because of overlapping size range, the alternative turbine

val ve and stage arrangenents shoul d be considered and economically eval uated within the
limts of their capabilities.

5.5 Turbine Throttle Pressure and Tenperature. Small, single stage turbines
utilize throttle steamat pressures fromless than 100 psig (689 kPa gage) and saturated
tenperatures up to 300 psig and 150 (66 degrees C) to 200 degrees F (93 degrees C) of
superheat. Steam pressures and tenperatures applicable to |arger nultistage turbines
are shown in Table 10.

5.5.1 Selection of Throttle Pressure and Tenperature. The sel ection of turbine
throttle pressure and tenperature is a matter of econom ¢ eval uation invol ving
performance of the turbine generator and cost of the unit including boiler, piping,
val ves, and fittings.
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Table 9
Di rect Connected Condensing Steam Turbine Generator Units

+33333333333333333333333333333333333333133313333113313331331333133333)331331333133133)) »

Nom nal Nom nal Typi cal
* Tur bi ne Type Last Stage Tur bi ne Gener at or
and Exh. Fl ow* Bl ade Length, In. Size, kW Cool i ng

Non- Reheat Units

I ndustrial Sized

SCSF 6 2,500 Ar *
SCSF 6 3,750 Ar *
SCSF 7 5, 000 Ar *
SCSF 7 6, 250 Ar *
SCSF 8.5 7,500 Ar *
SCSF 10 10, 000 Ar *
SCSF 11.5 12, 500 Ar *
SCSF 13 15, 000 Ar *
SCSF 14 20, 000 Ar *
SCSF 17-18 25, 000 Ar *
SCSF 20 30, 000 Hydr ogen *
SCSF 23 40, 000 Hydr ogen *
SCSF 25-26 50, 000 Hydr ogen *

Uility-Sized *
TCDF 16.5- 18 60, 000 Hydr ogen *
TCDF 20 75, 000 Hydr ogen *
TCDF 23 100, 000 Hydr ogen *

*

Reheat Units (Reheat is never offered for turbine-generators of
| ess than 50 MN.

Foob % b b b ok R X b b R b X b R X b % X b % b X % X
*

TCSF 23 60, 000 Hydr ogen *
TCSF 25-26 75, 000 Hydr ogen *
TCDF 16.5- 18 100, 000 Hydr ogen *

-233333333333333333333333333333333331333133131313331331333133313133313331313II131)I))))-
1. SCSF - Single Case Single Fl ow Exhaust

TCSF - Tandem Conpound Si ngl e Fl ow Exhaust
TCDF - Tandem Conpound Doubl e Fl ow Exhaust
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Tabl e 10
Turbine Throttle Steam Pressures and Tenperat ures

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Unit Size, kW Pressure Range, psig Tenperature Range, deg F =
* 2,500 to 6,250 300 - 400 650 - 825 *
* 7,500 to 15, 000 500 - 600 750 - 825 *
* 20, 000 to 30, 000 750 - 850 825 - 900 *
* 40, 000 to 50, 000 1,250 - 1,450 825 - 1,000 *
* 60, 000 to 125, 000 1,250 - 1,450 950 - 1,000 and *
* 1, 000 Reheat *
-233333333333333333333333333333333331333133131313331331333133313133313331313II131)I))))-
5.5.2 Econoni ¢ Breakpoints. Econonic breakpoints exist prinmarily because of
pressure cl asses and tenperature limts of piping material that includes valves and
fittings. General linits of steamtenperature are 750 F (399 degrees C) for carbon

steel, 850 degrees F (454 degrees C) for carbon nol ybdenum steel, 900 degrees F (482
degrees C) for 1/2 to 1 percent chrom um- 1/2 percent nolybdenum steel, 950 degrees F
(510 degrees C) for 1-1/4 percent chromium- 1/2 percent nol ybdenum steel, and 1, 000
degrees F (538 degrees C) for 2-1/4 percent chromum- 1 percent nol ybdenum Throttle
steamtenperature is al so dependent on noisture content of steamexisting at the fina
stages of the turbine. Misture content nmust be linited to not nmore than 10 percent to
avoi d excessive erosion of turbine blades. Traditional throttle steam conditions which
have evol ved and are in present use are shown in Table 11

5.6 Tur bi ne Exhaust Pressure. Typical turbine exhaust pressure is as shown in
Tabl e 12. The exhaust pressure of condensing turbines is dependent on avail able
condenser cooling water inlet tenperature. See Section 7, Steam Condenser, this
handbook.

Table 11
Typi cal Turbine Throttle Steam Pressure-Tenperature Conditions

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Pressure, psig Tenperature, degrees F *
* 250 500 or 550 *
* 400 650 or 750 *
* 600 750 or 825 *
* 850 825 or 900 *
* 1, 250 900 or 950 *
* 1, 450 950 or 1,000 *
* 1, 600 1, 000 *

-3323333333333333333333333333333333333333333313333313333313331331333133133313313III))-
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Tabl e 12
Typi cal Turbi ne Exhaust Pressure

+323333333333333333333333333333333331331331331333333331331333133133133333333133133)) »

Condensi ng Non- Condensi ng *
*  Turbine Type In. Hg Abs. psi g *
* Miltivalve multistage 0.5 - 4.5 0 - 300 *
*  Superposed (topping) -- 200 - 600 *
* Single valve nultistage 1.5 - 4.0 0 - 300 *
* Single valve single stage 2.5- 3.0 1 - 100 *
*  Back pressure -- 5 - 300 *

At nospheric pressure -- 0 - 50
-233333333333333333333333333333333331333133131313331331333133313133313331313II131)I))))-

5.7 Lubricating G| Systens

5.7.1 Single Stage Turbines. The lubricating oil systemfor small, single stage
turbines is self-contained, usually consisting of water jacketed, water-cooled, rotating
ring-oil ed bearings.

5.7.2 Mil tistage Turbines. Miltistage turbines require a separate pressure
lubricating oil systemconsisting of oil reservoir, bearing oil punps, oil coolers
pressure controls, and accessori es.

a) The oil reservoir's capacity shall provide a 5 to 10 minute oi
retention tine based on the time for a conplete circuit of all the oil through the
beari ngs.

b) Bearing oil punp types and arrangenent are determ ned fromturbine
generator manufacturers' requirenents. Turbine generators should be supplied with a
main oil punp integral on the turbine shaft. This arrangenent is provided with one or
nmore separate auxiliary oil punps for startup and emergency backup service. At |east
one of the auxiliary oil punps shall be separately steamturbine driven or DC notor
driven. For sone hydrogen cool ed generators, the bearing oil and hydrogen seal oil are
served fromthe same punps.

c) \Were separate oil coolers are necessary, two full capacity, water
cool ed oil coolers shall be used. Turbine generator manufacturers' standard design for
oil coolers is usually based on a supply of fresh cooling water at 95 degrees F (35
degrees C) at 125 psig (862 kPa gage). These design conditions shall be nodified, if
necessary, to accommopdate actual cooling water supply conditions. Standard tube materia
is usually inhibited admiralty or 90-10 copper-nickel. Qher tube materials are
avai | abl e, including 70-30 copper-nickel, alum num brass, arsenical copper, and
stainl ess steel.
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5.7.3 Ol Purifiers. Were a separate turbine oil reservoir and oil coolers are
used, a continuous bypass purification systemw th a mnimmflow rate per hour equal to
10 percent of the turbine oil capacity shall be used. Refer to ASME Standard LCS-1M
ASTM ASME- NEMA Recommended Practices for the deaning, Flushing, and Purification of
Steam and Gas Turbine Lubricating Systenms. The purification systemshall be either one
of the follow ng types.

5.7.3.1 Centrifuge Wth Bypass Particle Size Filter. See Figure 20 for arrangement of
equi pnrent. Because of the additives contained in turbine oils, careful selection of the
purification equipnent is required to avoid the possibility of additive renoval by use
of certain types of purification equipnment such as clay filters or heat and vacuum
units. Both centrifuge and particle size filters are suitable for turbine oi
purification. Particle filters are generally sized for not less than 5 mcrons to avoid
removal of silicone foaminhibitors if present in the turbine oil used. The centrifuge
is used periodically for water renpval fromthe turbine oil. The particle

filter, usually of the cellulose cartridge type, is used continuously except during
tines the centrifuge is used.

5.7.3.2 Miltistage G| Conditioner. See Figure 21 for arrangenent of equipnent. The
typical multistage conditioner consists of three stages: a precipitation conpartnent
where gross free water is renoved by detention tinme and snaller droplets are coal esced
on hydrophobic screens, a gravity filtration conpartment containing a nunber of cloth-
covered filter elenents, and a storage conpartnent which contains a polishing filter
consisting of multiple cellulose cartridge filter elements. The circulating punp
receives oil fromthe storage conpartnment and punps the oil through the polishing filter
and back to the turbine oil reservoir. The storage conpartnment must be sized to contain
the flowback oil quantity contained in the turbine generator bearings and oil supply
piping. The oil conditioner in this type of purification system operates continuously.

5.7.4 Lubricating G| Storage Tanks. As a mninum provide one storage tank and one
oil transfer punp. The storage tank capacity should be equal to, or greater than the
largest turbine oil reservoir. The transfer punp is used to transfer oil between the
turbine oil reservoir and the storage tank. The single tank can be used to receive oi
from or return oil to the turbine oil reservoir. Usually a separate portable oi
filter press is used for oil purification of used oil held in the storage tank. Two
storage tanks can be provided when separate tanks are desired for separate storage of
clean and used oil. This latter arrangenent can al so be satisfied by use of a two-
conpartment single tank. Only one set of storage tanks and associated transfer punp is
needed per plant. However, it may be necessary to provide an additional oil transfer
punmp by each turbine oil reservoir, depending on plant arrangenent.
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5.7.5 Lubricating Ol System deaning. Refer to ASME Standard LOS- 1M

5.8 CGenerator Types. GCenerators are classified as either synchronous (AC) or
direct current (DC) machines. Synchronous generators are available for either 60 cycles
(usually used in U S.A) or 50 cycles (frequently used abroad). Direct current
generators are used for special applications requiring DC current in snmall quantities
and not for electric power production.

5.9 Generator Cooling

5.9.1 Self Ventilation. Generators, approximately 2,000 kVA and smaller, are air
cool ed by drawi ng air through the generator by neans of a shaft-munted propeller fan.

5.9.2 Air Cooled. GCenerators, approximately 2,500 kVA to 25,000 kVA, are air cool ed
with water cooling of air coolers (water-to-air heat exchangers) |ocated either
horizontally or vertically within the generator casing. Coolers of standard design are
typically rated for 95 degrees F (35 degrees C) cooling water at a naxi mum pressure of
125 psig (862 kPa gage) and supplied with 5/8-inch mninum 18 Birm ngham wi re gage (BW5
inhibited admiralty or 90-10 copper-nickel tubes. Design pressure of 300 psig (2068 kPa
gage) can be obtained as an alternate. Al so, alternate tube naterials such as al um num
brass, 70-30 copper-nickel, or stainless steel are avail able.

5.9.3 Hydr ogen Cool ed. GCenerators, approxinmately 30,000 kVA and | arger, are

hydr ogen cool ed by nmeans of hydrogen to air heat exchangers. The heat exchangers are
simlar in location and design to those for air-cool ed generators. Hydrogen pressure in
the generator casing is typically 30 psig (207 kPa gage).

5.10 Turbine Generator Control. For turbine generator control description, see
Section 11,"Controls and |Instrunentation" of this handbook.

5.11 Turning Gear. |In order to thernally stabilize turbine rotors and avoid rotor
war page, the rotors of turbine generators size 12,500 kWand |arger are rotated by a
motor-driven turning gear at a speed of approxinmately 5 rpmimedi ately upon taking the
turbine off the line. The rotation of the turbine generator rotor by the turning gear
is continued through a period of several hours to several days, depending on the size of
the turbine and the initial throttle tenperature, until the turbine shaft is stabilized
The turning gear and turbine generator rotor are then stopped until the turbine
generator is about to be again placed in service. Before being placed in service, the
turbine generator rotor is again stabilized by turning gear rotation for several hours
to several days, depending on the turbine size

Tur bi ne generators smaller than 12,500 kWare not nornally supplied with a
turning gear, since the normal throttle steamtenperature is such that a turning gear is
not necessary. However, should a turbine be selected for operation at higher than usual
throttle steamtenperature, a turning gear would be supplied.
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During turning gear operation, the turbine generator bearings are |ubricated
by use of either the main bearing oil punp or a separate turning gear oil punp,
dependi ng on size and manufacturer of the turbine generator.

5.12 Tur bi ne Generator Foundations. Turbine generator foundations shall be
desi gned in accordance with M L-HDBK-1002/2, Loads, para.®6.4.

5.13 Auxiliary Equiprment. For description of steamjet air ejectors, mechanical
air exhausters, and steam operated hoggi ng ej ectors, see Section 7, Steam Condensers, of
thi s handbook.

5.14 Installation. Instructions for turbine generator installation are definitive
for each machine and for each manufacturer. For turbine generators, 2,500 kW and
larger, these instructions shall be specially prepared for each machine by the turbine
generator manufacturer and copies (usually up to 25 copies) shall be issued to the

pur chaser.

The purchase price of a turbine generator shall include technical
installation, start-up, and test supervision furnished by the manufacturer at the site
of installation.

5.15 C eanup, Startup, and Testing

5.15.1 Pi pe d eaning

5.15.1.1 Boiler Chenmical Boil out. Chenical or acid cleaning is the quickest and nost
satisfactory nmethod for the renoval of water side deposits. Conpetent chenical

supervi si on shoul d be provided, supplenented by consultants on boiler-water and scal e
probl ens during the chemnical cleaning process. |In general, four steps are required in a
conmpl ete chem cal cleaning process for a boiler.

a) The internal heating surfaces are washed with an acid sol vent containing
a proper inhibitor to dissolve the deposits conpletely or partially and to disintegrate
t hem

b) dean water is used to flush out |oose deposits, solvent adhering to the
surface, and soluble iron salts. Any corrosive or explosive gases that may have forned
in the unit are displaced.

c) The unit is treated to neutralize and "passivate" the heating surfaces.
The passivation treatment produces a passive surface or forns a very thin protective
filmon ferrous surfaces so that formation of "after-rust" on freshly cleaned surfaces
is prevented.
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d) The unit is flushed with clean water as a final rinse to renpbve any
remai ni ng | oose deposits.

The two generally accepted nethods in chem cal cleaning are continuous
circul ation and soaki ng.

e) Continuous Circulation. |In the circulation nethod, after filling the
unit, the hot solvent is recirculated until cleaning is conpleted. Sanples of the
return solvent are tested periodically during the cleaning. Ceaning is considered
conpl ete when the acid strength and the iron content of the returned solvent reach
equilibriumindicating that no further reaction with the deposits is taking place. The
circulation nethod is particularly suitable for cleaning once-through boilers,
super heaters, and econonizers with positive liquid flow paths to assure circul ation of
the solvent through all parts of the unit.

f) Soaking. |In cleaning by the soaking nmethod after filling with the hot
solvent, the unit is allowed to soak for a period of four to eight hours, depending on
deposit conditions. To assure conplete renpoval of deposits, the acid strength of the
sol vent nmust be sonewhat greater than that required by the actual conditions, since,
unli ke the circulation nmethod, control testing during the course of the cleaning is not
concl usi ve, because sanples of solvent drawn from convenient |ocations may not truly
represent conditions in all parts of the unit. The soaking nethod is preferable for
cleaning units where definite liquid distribution to all circuits by the circulation
met hod i s not possible without the use of many chem cal inlet connections or where
circulation through all circuits at an appreci able rate cannot be assured, except by
using a circulating punp of inpractical size.

5.15.1.2 Miin Steam Blowout. The main steamlines, reheat steamlines, auxiliary steam
lines fromcold reheat and auxiliary boiler, and all main turbine seal steamlines shall
be blown with steamafter erection and chemcal cleaning until all visible signs of mll
scal e, sand, rust, and other foreign substances are blown free. Cover plates and
internals for the nain steamstop val ves, reheat stop, and intercept valves, shall be
removed. Blanking fixtures, temporary cover plates, tenporary vent and drain piping,

and tenporary hangers and braces to make the systens safe during the bl owi ng operation
shall be installed.

After blowi ng, all tenporary blanking fixtures, cover plates, vent and drain
pi pi ng, val ves, hangers, and braces shall be renoved. The strainers, valve internals,
and cover plates shall be reinstalled. The piping systens, strainers, and val ves shall
be restored to a state of readiness for plant operation.

a) Tenporary Piping. Tenporary piping shall be in stalled at the inlet to
the main turbine and the boiler feed punp turbine to facilitate
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bl owout of the steamto the outdoors. Tenporary piping shall be designed in accordance
with the requirenents of the Power Piping Code, ANSI/ASME B31.1. The tenporary piping
and val ves shall be sized to obtain a cleaning ratio of 1.0 or greater in all permanent
piping to be cleaned. The cleanout ratio is determ ned using the follow ng equation.

EQUATI ON. R=(Q/Q?* x [(RP)J(P)d x (PfP] (4)
wher e:

R = Ceaning ratio

Q = Flow during cleaning, Ib/h

Q. = Maxi mum |l oad flow, |b/h

(P,). = Pressure-specific volunme product during cleaning at boiler
outlet, ft3in?

(P,)m = Pressure-specific volunme product at maxi mnum | oad fl ow at

P

boiler outlet, ft3in?
Pressure at maxi mumload flow at boiler outlet, psia
Pressure during cleaning at boiler outlet, psia

This design procedure is applicable to fossil fuel-fired power plants, And
is witten specifically for drum (controlled circulation) type boilers but may be
adapted to once-through (conbined circul ation) type boilers by naking appropriate
nodi fications to the procedure. The sane basic concepts for cleaning piping systens

apply to all boiler types.

b) Bl owout Sequence. Boiler and turbine manufacturers provide a
recommended bl owout sequence for the main and reheat steamli nes.

The nost satisfactory method for cleaning installed piping is to utilize the
foll owi ng cl eaning cycl e:

(1) Rapid heating (thermal shock hel ps renpbve adhered particles).
(2) High velocity steam bl owout to atnosphere.
(3) Thermal cool down prior to next cycle.

The above cycle is repeated until the steamenerging fromthe bl owdown
piping is observed to be clean.

5.15.1.3 Installation of Tenporary Strainers. Tenporary strainers shall be installed
in the piping systemat the suction of the condensate and boiler feed punps to
facilitate renmoval of debris within the piping systens resulting fromthe installation
procedures. The strainers shall be cleaned during the course of all flushing and

chemi cal cleaning operations. The tenporary strainers shall be renoved after conpletion
of the flushing and chemnical cleaning procedures.
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5.15.1.4 Condenser deaning. Al piping systens with lines to the condenser should be
conmpleted and the lines to the condenser flushed with service water. Lines not having
spray pipes in the condenser may be flushed into the condenser. Those with spray pipes
shoul d be flushed before naking the connection to the condenser. Cean the interior of
t he condenser and hot well by vacuumi ng and by washing with an al kal i ne sol uti on and
flushing with hot water. Renove all debris. Open the condensate punp suction strainer
drain valves and flush the punp suction piping. Prevent flush water fromentering the
pumps. Clean the punp suction strainers.

5.15.1.5 Condensate System Chenical O eaning. Systens to be acid and al kal i ne cl eaned
are the condensate piping fromcondensate punp to deaerator discharge, boiler feedwater
pi ping from deaerator to econom zer inlet, feedwater heater tube sides, air preheat
system pi pi ng, and chemi cal cleaning punp suction and di scharge piping. Systens to be
al kaline cl eaned only, are the feedwater heater shell sides, building heating heat
exchanger shell sides, and the feedwater heater drain piping. The chenicals and
concentrations for alkaline cleaning are 1000 ng/L di sodi um phosphate, 2,000 ng/L
trisodi um phosphat e, non-foanmi ng wetting agent as required, and foaminhibitors as
required. The chenicals and concentrations for acid cleaning are 2.0 percent

hydr oxyacetic acid, 1.0 percent fornmic acid, 0.25 percent ammoni um bifl uoride, and
foam ng inhibitors and wetting agents as required.

a) Deaerator Cleaning. Prior toinstalling the trays in the deaerator and
as close to unit start-up as is feasible, the interior surfaces of the deaerator and
deaerator storage tank shall be thoroughly cleaned to rempbve all preservative coatings
and debris. deaning shall be acconplished by washing with an al kal i ne service water
solution and flushing with hot service water. The final rinse shall be with
dem neralized water. After cleaning and rinsing, the deaerator and deaerator storage
tank shall be protected fromcorrosion by filling with treated dem neralized water.

b) Cycle Makeup and Storage System The cycl e nakeup and storage system
condensate storage tank, and demi neralized water storage tank shall be flushed and
rinsed with service water. The water storage tanks should require only a general hose
washi ng. The nakeup water system should be flushed until the flush water is clear.
After the service water flush, the cycle makeup and storage systemshall be flushed with
dem neralized water until the flushing water has a clarity equal to that fromthe
dem neral i zer.

c) Condensate-Feedwater and Air Preheat Systens. The condensate-feedwater
and air preheat systems (if any) shall be flushed with service water. The condensate
punmps shall be used for the service water flushing operations. Normal water level in
t he condenser shoul d be namintained during the service water flushing operation by naking
up through the tenporary service water fill line. After the service water flush, the
condensat e- f eedwat er and air preheat systems shall be flushed with dem neralized water.
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After the demineralized water flush, the condensate-feedwater and air preheat systens
shall be drained and refilled with dem neralized water.

d) Al kaline deaning. The condensate-feedwater and air preheat water
systens shall be al kaline cleaned by injecting the al kaline solution into circulating
treated water, preheated to 200 degrees F (93.3 degrees C) by steaminjection, until the
desired concentrations are established. The alkaline solution should be circulated for
a mnimum of 24 hours with sanples taken during the circulation period. The sanples
shoul d be anal yzed for phosphate concentrati on and evidence of free oil. The feedwater
heaters and drain piping shall be al kaline cleaned by soaking with hot al kaline cl eaning
solution in conjunction with the condensate-feedwater and air preheat water system
al kaline cl eaning. The heater shells and drain piping should be drained once every six
hours during the circulation of the al kaline cleaning solution through the condensate-
feedwat er and air preheat water systens. After the alkaline cleaning is conpleted,
flush the condensate-feedwater, air preheat water, feedwater heater, and drain piping
systenms with demineralized water.

e) Acid Geaning. Acid cleaning of the condensate feedwater and air
preheat water systens shall be simlar to the al kaline cleaning, except that the
circulation period shall only be six hours. The condensate-feedwater and air preheat
wat er system shall be heated to 200 degrees F (93 degrees C) and hydrazi ne and anmoni a
injected into the circulating water to neutralize the acid solution. The systens shall
then be flushed with demi neralized water until all traces of acid are renoved.

5.15.1.6 Turbine Lube G| Flush and Recirculation. The lubricating and seal oil
systens of the turbine generator shall be cleaned as recomended by the manufacturer.
Q| sanples shall be tested to determ ne contanination levels. The cleaning shall be a
cold flushing of the systemand cleaning of the oil reservoir. This shall be followed
by cycling of circulating hot and cold oil until the systemis clean.

5.15.2 Equi pnent Startup

5.15.2.1 Prelimnary Checks. Prelimnary checks and inspection, and any required
corrective work shall be performed on all equipnent in accordance with the equi prent
manuf acturer's reconmmendati ons.

a) Shaft Alignment. Al bearings, shafts, and other noving parts shall be
checked for proper alignnent.

b) Linkage Alignment. Manual set of all |inkages shall be perfornmed,
ensuring open and close linmt adjustnment. Operational |inkage adjustnent shall be
performed as required.

c) Safety Equiprment. Al coupling guards, belt guards, and other personnel
safety itens shall be installed.
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d) Piping. Al power actuated valves shall be checked for correct valve
action and seating and the actuators and converters shall be given initial adjustnent.
Al'l manual val ves shall be operated to ensure correct operation and seating. All safety
val ves shall be checked for correct settings.

Al'l piping shall be nondestructively tested, hydrostatically tested, |eak
tested, or air tested, as applicable, and shall be flushed or blown clean. Al
tenporary shi pping braces, blocks, or tie rods shall be renoved from expansion joints.
Al spring type pipe hangers shall be checked for proper cold settings.

e) Pits. Al punp suction pits shall be free of trash.

f) Lubrication. Each lubricating oil systemshall be flushed and the
filters inspected. Al oil tanks, reservoirs, gear cases, and constant |evel type
oilers shall be checked for proper oil levels. Al points requiring nanual |ubrication
shall be greased or oiled as required.

g) Belts, Pulleys, and Sheaves. Al belts, pulleys, and sheaves shall be
checked for correct alignnent and belt tension.

h) Cooling and Sealing Water. Al cooling and sealing water supplies shall
be flushed and checked for proper operation.

i) Punp Suction Strainers. Al punp suction strainers shall be installed.

j) Stuffing Boxes and Packing. All stuffing boxes shall be checked for
correct takeup on the packing.

k) Mechanical Seals. Al nechanical seals shall be renpbved as required to
ensure clean sealing surfaces prior to starting. Seal water piping shall be cleaned to
the extent necessary to ensure no face contanmination. Seal adjustnents shall be
performed as required by the manufacturer.

I) Tanks and Vessels. Al tanks and vessels shall be thoroughly inspected
internally before securing.

5.15.2.2 Initial Plant Startup. The follow ng steps shall be followed for plant
startup:

a) Qperate demineralizer and fill condensate storage/return tank.

b) Fill boiler, deaerator, and condenser.
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c) Start boiler feed punps.

d) Warm up boil er using manufacturer's recommendati ons.

e) Start cooling water system punps.

f) Start condensate punps.

g) Start condenser exhauster (air ejectors).

h) Start turbine lubricating oil system

i) Roll turbine using manufacturer's startup procedures.
5.15.3 Testing. For testing requirenents, see Section 19 this handbook.
5.16 Qper ati on

5.16.1 Trial Operation. After all prelimnary checks and inspections are conpl eted,
each piece of equipnent shall be given a trial operation. Trial operation of all

equi prent and systens shall extend over such period of tinme as is required to reveal any
equi pnrent weaknesses in bearings, cooling systens, heat exchangers, and other such
conmponents, or any perfornmance deficiencies which may | ater handi cap the operation of
mai n systens and the conplete plant. Al rotating equipment shall be checked for

over heating, noise, vibration, and any other conditions which would tend to shorten the
life of the equipnent.

5.16.2 Main System Operation. Min systens should be trial operated and tested after
each individual piece of equiprment has been trial operated and ready for operation. All
functional and operational testing of protective interlocking, automatic controls,
instrunmentation, alarmsystens, and all other field testing should be conducted during
initial plant startup. Al piping should be visually inspected for |eaks, inproper
support adjustment, interferences, excessive vibration, and other abnornal conditions.
Steam traps should be verified for proper operation and integral strainers cleaned.

5.16.3 Qperation Control. A systemof control to protect personnel and equi pment as
the permanent plant equi pnent and systens are conpl eted and capabl e of energization,
pressuri zation, or being operated, should be established. The system should consist of
pl acing appropriate tags on all equi pment and system conponents. Tags should indicate
status and the mandatory cl earances required from desi gnated personnel to operate,
pressurize, energize, or renove from service such equi pnent or systens. The controls
establ i shed shoul d enconpass the foll owi ng phases.

a) Equi pment or systens conpleted to the point where they may be energized,
pressurized, or operated, but not yet checked out, shall be tagged. The sources of
power or pressure shall be turned off and tagged.
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b) Equi prent and systens rel eased for preoperational check-out shall be so
tagged. When a request to renmove fromservice is made, all controls and sources of
power or pressure shall be tagged out and shall not be operated under any
ci rcumst ances.

78



M L- HDBK- 1003/ 7

Section 6. GENERATOR AND ELECTRI CAL FACI LI TI ES DESI GN

6.1 Typical Voltage Ratings and Systens

6.1.1 Vol t ages

6.1.1.1 Ceneral. Refer to ANSI Standard C84.1, Electric Power Systens and Equi pnent -
Vol tage Rating, for voltage ratings for 60 Hz el ectric power systems and equiprment. In

addition, the standard lists applicable notor and notor control naneplate voltage ranges
up to nom nal systemvoltages of 13.8 kV.

6.1.1.2 Generators. Terminal voltage ratings for power plant generators depend on the
size of the generators and their application. Generally, the larger the generator, the
hi gher the voltage. Generators for a power plant serving an installation will be in the
range from 4160 volts to 13.8 kV to suit the size of the unit and primary distribution
systemvoltage. Generators in this size range will be offered by the manufacturer in
accordance with its design, and it would be difficult and expensive to get a different
voltage rating. Insofar as possible, the generator voltage should match the
distribution voltage to avoid the installation of a transformer between the generator
and the distribution system

6.1.1.3 Power Plant Station Service Power Systens

a) Voltages for station service power supply within steamelectric
generating stations are related to motor size and, to a |l esser extent, distances of
cable runs. Mtor sizes for draft fans and boiler feed punps usually control the
sel ection of the highest station service power voltage level. Rules for selecting notor
voltage are not rigid but are based on relative costs. For instance, if there is only
one notor |arger than 200 hp and it is, say, only 300 hp, it mght be a good choice to
select this one larger notor for 460 volts so that the entire auxiliary power system can
be designed at the | ower voltage.

b) Station service power requirenents for combustion turbine and
internal conbustion engine generating plants are such that 208 or 480 volts will be
used.

6.1.1.4 Distribution System The primary distribution systemw th central in-house
generation should be selected in accordance with M L- HDBK- 1004/ 1.

6.1.2 Station Service Power Systens

6.1.2.1 General. Two types of station service power systenms are generally in use in
steamel ectric plants and are discussed herein. They are designated as a common bus
systemand a unit system The distinction is based on the rel ationshi p between the
generating unit and the auxiliary transformer supplying power for its auxiliary

equi pnent .

a) In the common bus systemthe auxiliary transformer will be connected
through a circuit breaker to a bus supplied by a nunber of units and other sources so
that the supply has no relationship to the generating unit whose auxiliary equipnent is

being served. In the unit systemthe auxiliary transforner will be connected solidly to
the generator leads and is switched with the generator. |In either case, the auxiliary
equi prent for each generating unit usually will be supplied by a separate transforner

with appropriate interconnections between the secondary side of the transforners.

b) The unit type system has the disadvantage that its station service power
requirements nmust be supplied by a startup transformer until the generating unit is
synchroni zed with the system This startup transforner also serves as the backup supply
in case of transforner failure. This arrangement requires that the station service
power supply be transferred fromthe startup source to the unit source with the
auxi liary equi pment in operation as a part of the procedure of starting the unit.
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c) The advantages of the unit systemare that it reduces the nunber of
breakers required and that its source of energy is the rotating generating unit so that,
in case of systemtrouble, the generating unit and its auxiliaries can easily be
isolated fromthe rest of the system The advantage of switching the generator and its
auxiliary transforner as a unit is not very inportant, so the common bus systemwi ||
normal |y be used.

6.1.2.2 Common Bus System In this system generators will be connected to a common
bus and the auxiliary transforners for all generating units will be fed fromthat common
bus. This bus may have one or nore other power sources to serve for station startup.

a) Figure 22 is a typical one-line diagramfor such a system This type
systemw || be used for steamturbine or diesel generating plants with all station
service supplied by two station service transfornmers with no isolation between
auxiliaries for different generating units. It also will be used for gas turbine
generating plants. For steamturbine generating plants the auxiliary |oads for each
unit in the plant will be isolated on a separate bus fed by a separate transformer. A
standby transforner is included, and it serves the |oads common to all units such as
bui | di ng servi ces.

b) The buses supplying the auxiliaries for the several units shall be
operated isolated to mninize fault current and permt use of lower interrupting rating
on the feeder breakers. Provision shall be nmade for the standby transformer to supply
any auxiliary bus.

6.1.2.3 Unit Type System The unit type station service power systemwill beused for
a steamelectric or conbustion turbine generating station serving
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a utility transm ssion network. 1t will not be, as a rule, used for a diesel generating
station of any kind, since the station service power requirenents are m ninal.

The di stinguishing feature of a unit type station power systemis that the
generator and unit auxiliary transfornmer are pernanently connected together at generator
voltage and the station service power requirenents for that generating unit, including
boil er and turbine requirenents, are nornally supplied by the auxiliary transforner
connected to the generator leads. This is shown in Figure 23. |If the unit is to be
connected to a systemvoltage that is higher than the generator voltage, the unit
concept can be extended to include the step-up transforner by tying its low side solidly
to the generator |eads and using the high side breaker for synchronizing the generator
to the system This arrangenent is shown in Figure 24.

6.1.2.4 Station Service Switchgear. A station service switchgear lineup will be
connected to the low side of the auxiliary transformer; air circuit breakers will be
used for control of large auxiliary nmotors such as boiler feed punps, fans, and
circulating water punps which use the highest station service voltage, and for

di stribution of power to various unit substations and notor control centers to serve the
remai ning station service requirenents. Figure 25 is a typical one-line diagramof this

arrangenment. |f the highest level of auxiliary voltage required is nore than 480 volts,
say 4.16 kV, the auxiliary switchgear air circuit breakers will only serve notors 250 hp
and larger, and feeders to unit substations. Each unit sub station will include a

transformer to reduce voltage fromthe highest auxiliary power level to 480 volts
together with air circuit breakers in a lineup for starting of notors 100 to 200 hp and
for serving 480-volt notor control centers. The notor control centers will include
conbi nation starters and feeders breakers to serve notors | ess than 100 hp and ot her
smal |l auxiliary circuits such as power panels.

6.1.2.5 Startup Auxiliary Transforner. |In addition to the above itens, the unit
auxiliary type systemw || incorporate a "common" or "startup" arrangenent which wll
consist of a startup and standby auxiliary transfornmer connected to the sw tchyard bus
or other reliable source, plus a | ow voltage switchgear and notor control center
arrangenment simlar to that described above for the unit auxiliary system The common
bus system nay have a simlar arrangenment for the standby transformer.

a) This common system has three principal functions:

(1) To provide a source of normal power for power plant equipnent and
services which are common to all units; e.g., water treating system coal and ash
handl i ng equi pnent, air conpressors, |lighting, shops, and simlar itens.

(2) To provide backup to each auxiliary power system segnment if the
transformer supplying that segnent fails or is being naintained.
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(3) In the case of the unit system to provide startup power to each
unit auxiliary power systemuntil the generator is up to speed and
voltage and is synchronized with the distribution system

b) The startup and standby transformer and switchgear will be sized to
acconpl i sh the above three functions and, in addition, to allow for possible future
additions to the plant. Interconnections will be provided between the comon and unit
switchgear. Appropriate interlocks will be included, so that no nmore than one auxiliary
transformer can feed any switchgear bus at one tine.

6.2 Generators
6.2.1 General Types and Standards

6.2.1.1 Type. GCenerators for power plant service can be generally grouped according
to service and size.

a) GCenerators for steamturbine service rated 5,000-32,000 kVA, are
revolving field, non-salient, two-pole, totally enclosed, air-cooled with water cooling
for air coolers, direct connected, 3,600 rpmfor 60 Hz frequency (sonetines connected
t hrough a gear reducer up to 10,000 kVA or nore). Self-ventilation is provided for
generators larger than 5,000 kVA by some nanufacturers, but this is not recommended for
st eam power plant service.

b) Simlar generators rated 5,000 kVA and bel ow are revolving field, non-
salient or salient pole, self-ventilated, open drip-proof type, sonetines connected
t hrough a gear reducer to the turbine with the nunber of poles dependent on the speed
selected which is the result of an econom c evaluation by the manufacturer to optim ze
t he best conbination of turbine, gear, and generator.

c) GCenerators for gas turbine service are revolving field, nonsalient or
salient pole, self-ventilated, open drip-proof type, sonetines connected through a gear
reducer, depending on manufacturer's gas turbine design speed, to the gas turbine power
takeof f shaft. Non-salient pole generators are two-pole, 3,600 rpmfor 60Hz, although
manuf act urers of machi nes snaller than 1,500 kVA may utilize 1,800 rpm four-pole, or
1,200 rpm six-pole, salient pole generators. GCenerators may be obtained totally
encl osed with water cooling, if desired, because of high anbient tenperatures or
pol | ut ed at nosphere.

d) Cenerators for diesel service are revolving field, salient pole, air-
cool ed, open type, direct connected, and with anortisseur w ndings to danpen pul sating
engi ne torque. Nunber of poles is six or nbore to match | ow speeds typical of diesels.

6.2.1.2 St andards. Generators shall neet the requirements of ANSI C50.10, C50.13, and
C50.14. These are applicable as well as the requirements of National Electrical

Manuf act urers Associ ation (NEMA) SM 23, Steam Turbines for Mechanical Drive Service, and
SM 24, Land Based Steam Turbine Generator sets 0 to 33,000 KW
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a) ANSI C84.1 designates standard voltages as discussed in Section 1.

b) Generator kVA rating for steamturbine generating units is standardi zed
as a nultiplier of the turbine kWrating. Turbine rating for a condensing steam turbine
with controlled extraction for feedwater heating is the kWoutput at design initial
steam conditions, 3.5 inches Hg (12 kPa) absol ute exhaust pressure, three percent cycle
makeup, and all feedwater heaters in service. Turbine rating for a noncondensing
turbine without controlled or uncontrolled extraction is based on output at design
initial steamconditions and desi gn exhaust pressure. Turbine standard ratings for
autonatic extraction units are based on design initial steamconditions and exhaust
pressure with zero extraction while maintaining rated extraction pressure. However,
autonatic extraction turbine ratings are conplicated by the unique steam extraction
requirements for each machine specified. For air-cooled generators up to 15,625 kVA,
the multiplier is 1.25 tines the turbine rating, and for 18, 750 kVA air-cool ed and
hydr ogen-cool ed generators, 1.20. These ratings are for water-cool ed generators with 95
degrees F (35 degrees C) nmaximuminlet water to the generator air or hydrogen cool ers.
Open, self-ventilated generator rating varies with anbient air tenperature; standard
rating usually is at 104 degrees F (40 degrees C) anbient.

c) GCenerator ratings for gas turbine generating units are selected in
accordance with ANSI Standards which require the generator rating to be the base
capacity which, in turn, nust be equal to or greater than the base rating of the turbine
over a specified range of inlet tenperatures. Non-standard generator ratings can be
obt ai ned at an additional price.

d) Power factor ratings of steamturbine driven generators are 0.80 for
ratings up to 15,625 kVA and 0.85 for 17,650 kVA air-cool ed and 25,600 kVA to 32,000 kVA
air/water-cooled units. Standard power factor ratings for gas turbine driven air-cool ed
generators usually are 0.80 for nachines up to 9,375 kVA and 0.90 for 12,500 to 32, 000
kVA. Changes in air density, however, do not affect the capability of the turbine and
generator to the sane extent so that kWbased on standard conditions and generator kVA
ratings show various rel ationships. Power factors of |arge hydrogen cool ed nachi nes are
standardi zed at 0.90. Power factor for salient pole generators is usually 0.80. Power
factor lower than standard, with increased kVA rating, can be obtained at an extra
price.

e) Cenerator short circuit ratio is a rough indication of generator
stability; the higher the short circuit ratio, the nore stable the generator under
transi ent systemload changes or faults. However, fast acting voltage regul ation can
al so assist in achieving generator stability wi thout the heavy expense associated with
the high cost of building high short circuit ratios into the generator. GCenerators have
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standard short circuit ratios of 0.58 at rated kVA and power factor. |f a generator
has a fast acting voltage regulator and a high ceiling voltage static excitation system
this standard short circuit ratio should be adequate even under severe system

di sturbance conditions. Higher short circuit ratios are available at extra cost to
provide nore stability for unduly fluctuating | oads which may be anticipated in the
systemto be served.

f) Maxi numw nding tenperature, at rated |load for standard generators, is
predicated on operation at or below a maxi mum el evati on of 3,300 feet; this nay be
upgraded for higher altitudes at an additional price.

6.2.2 Features and Accessories. The follow ng features and accessories are
avail abl e in accordance with NEVMA standards SM 12 and SM 13 and will be specified as
applicabl e for each generator:

6.2.2.1 Voltage Variations. Unit will operate with voltage variations of plus or
mnus 5 percent of rated voltage at rated kVA, power factor and frequency, but not
necessarily in accordance with the standards of perfornance established for operation at
rated voltage; i.e., losses and tenperature rises may exceed standard val ues when
operation is not at rated voltage.

6.2.2.2 Thernmal Vari ations

a) Starting fromstabilized tenperatures and rated conditions, the arnature
will be capable of operating, with balanced current, at 130 percent of its rated current
for 1 minute not nmore than twice a year; and the field winding will be capable of
operating at 125 percent of rated load field voltage for 1 minute not nore than twice a
year.

b) The generator will be capable of w thstanding, w thout injury, the
thermal effects of unbal anced faults at the machine termnals, including the decaying
effects of field current and DC conponent of stator current for tinmes up to 120 seconds,
provided the integrated product of generator negative phase sequence current squared and
tinme (1,°t) does not exceed 30. Negative phase sequence current is expressed in per unit
of rated stator current, and tine in seconds. The thermal effect of unbal anced faults
at the machine terninals includes the decaying effects of field current where protection
is provided by reducing field current (such as with an exciter field breaker or
equi val ent) and DC conmponent of the stator current.

6.2.2.3 Mechani cal Wthstand. Generator will be capable of w thstanding, w thout
mechani cal injury any type of short circuit at its terminals for tines not exceeding its
short time thermal capabilities at rated kVA and power factor with 5 percent over rated
vol tage, provided that nmaxi mum phase current is linted externally to the nmaxi mum
current obtained fromthe three-phase fault. Stator wi ndings nust w thstand a nornal

hi gh potential test and show no abnormal deformation or damage to the coils and

connecti ons.
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6.2.2.4 Excitation Voltage. Excitation systemwill be wide range stabilized to pernit
stabl e operation down to 25 percent of rated excitation voltage on nanual control.
Excitation ceiling voltage on manual control will not be | ess than 120 percent of rated
exciter voltage when operating with a | oad resistance equal to the generator field
resistance, and excitation systemw ||l be capable of supplying this ceiling voltage for
not less than 1 minute. These criteria, as set for manual control, will permt
operation when on automatic control. Exciter response ratio as defined in ANSI/|EEE
100, Dictionary of Electrical & Electronic Terns, will not be |less than 0.50.

6.2.2.5 \Wave Shape. Deviation factor of the open circuit termnal voltage wave will
not exceed 10 percent.

6.2.2.6 Tel ephone Influence Factor. The bal anced tel ephone influence factor (TIF) and
the residual conmponent TIF will neet the applicable requirenents of ANSI C50.13.

6.2.3 Excitation Systens. Rotating comutator exciters as a source of DC power for
the AC generator field generally have been replaced by silicon diode power rectifier
systenms of the static or brushless type.

a) A typical brushless systemincludes a rotating pernanent nagnet pil ot
exciter with the stator connected through the excitation switchgear to the stationary
field of an AC exciter with rotating armature and a rotating silicon diode rectifier
assenbly, which in turn is connected to the rotating field of the generator. This
arrangenent elimnates both the conmutator and the collector rings. Also, part of the
systemis a solid state automatic voltage regulator, a nmeans of manual voltage
regul ati on, and necessary control devices for nounting on a renpte panel. The exciter
rotating parts and the diodes are nounted on the generator shaft; view ng during
operation must utilize a strobe light.

b) A typical static systemincludes a three-phase excitation potenti al
transformer, three single-phase current transformers, an excitation cubicle with field
breaker and di scharge resistor, one autonatic and one nanual static thyristor type
vol tage regulators, a full wave static rectifier, necessary devices for nounting on a
renote panel, and a collector assenbly for connection to the generator field.

6.3 Generator lLeads and Swi tchyard

6.3.1 General . The connection of the generating units to the distribution system
can take one of the followi ng patterns:

a) Wth the common bus system the generators are all connected to the same
bus with the distribution feeders. |If this bus operates at a voltage of 4.16 kV, this
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arrangenment is suitable up to approxi mately 10,000 kVA. |f the bus operates at a

vol tage of 13.8 kV, this arrangenent is the best for stations up to about 25,000 or
32,000 kVA. For larger stations, the fault duty on the common bus reaches a |l evel that
requires nore expensive feeder breakers, and the bus should be split.

b) The bus and switchgear will be in the formof a factory fabricated netal
clad switchgear as shown in Figure 22. For plants with multiple generators and outgoi ng
circuits, the bus will be split for reliability using a bus tie breaker to permt
separation of approximately one-half of the generators and lines on each side of the
split.

c) Alimting factor of the comon type bus systemis the interrupting

capacity of the switchgear. The switchgear breakers will be capable of interrupting the
maxi mum possible fault current that will flow through themto a fault. |In the event
that the possible fault current exceeds the interrupting capacity of the available
breakers, a synchronizing bus with current limting reactors will be required.

Swi t chi ng arrangenment selected will be adequate to handl e the naxi mum cal cul ated short
circuit currents which can be devel oped under any operating routine that can occur. All
possi bl e sources of fault current; i.e., generators, notors, and outside utility
sources, will be considered when cal cul ating short circuit currents. |n order to clear

a fault, all sources will be disconnected. Figure 26 shows, in sinplified single line
format, a typical synchronizing bus arrangenent. The interrupting capacity of the
breakers in the sw tchgear for each set of generators is limted to the contribution to
a fault fromthe generators connected to that bus section plus the contribution fromthe
synchroni zing bus and large (load) notors. Since the contribution fromgenerators
connected to other bus sections nust flow through two reactors in series fault current
will be reduced naterially.

d) If the plant is 20,000 kVA or larger, and the area covered by the
distribution systemrequires distribution feeders in excess of 2 mles, it may be
advant ageous to connect the generators to a higher voltage bus and feed several
di stribution substations fromthat bus with step-down substation transformers at each
di stribution substation as shown in Figure 24.
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e) The configuration of the high voltage bus will be selected for
reliability and econonmy. Alternative bus arrangenents include main and transfer bus,
ring bus, and breaker and a half schemes. The nmain and transfer arrangenment, shown in
Figure 27, is the |l owest cost alternative but is subject to loss of all circuits due to
a bus fault. The ring bus arrangenent, shown in Figure 28, costs only slightly nore
than the nain and transfer bus arrangenent and elimnates the possibility of losing all
circuits froma bus fault, since each bus section is included in the protected area of
its circuit. Normally it will not be used with nore than eight bus sections because of
the possibility of sinmultaneous outages resulting in the bus being split into two parts.
The breaker and a half arrangenent, shown in Figure 29, is the highest cost alternative
and provides the highest reliability without limtation on the nunber of circuits.

6.3.2 Cenerator Leads

6.3.2.1 Cabl e

a) Connections between the generator and sw tchgear bus where distribution
is at generator voltage, and between generator and step up transformer where

distribution is at 34.5 kV and higher, will be by neans of cable or bus duct. |n nost
i nstances nore than one cabl e per phase will be necessary to handle the current up to a
practical maxi mum of four conductors per phase. Generally, cable installations will be
provided for generator capacities up to 25 MVA. For larger units, bus ducts will be

eval uated as an alternative.

b) The power cables will be run in a cable tray, separate fromthe control
cable tray, in steel conduit suspended fromceiling or on wall hangers, or in ducts,
depending on the installation requirenents.

c) Cable terminations will be made by neans of potheads where | ead covered
cable is applied, or by conpression |ugs where neoprene or sinilarly jacketed cables are
used. Stress cones will be used at 4.16 kV and above.

d) For nost applications utilizing conduit, cross-linked pol yethylene with
approved type filler or ethyl ene-propyl ene cables will be used. For applications where
cables will be suspended from hangers or placed in tray, arnored cable will be used to
provi de physical protection. |f the cable current rating does not exceed 400 anperes,
the three phases will be triplexed; i.e., all run in one steel arnored enclosure. In
the event that single-phase cables are required, the arnmor will be nonmagneti c.
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e) In no event should the current carrying capacity of the power cables
emanating fromthe generator be a limting factor on turbine generator output. As a
rule of thunb, the cable current carrying capacity will be at least 1.25 tines the
current associated with kVA capacity of the generator (not the kWrating of the
t ur bi ne).

6.3.2.2 Segr egat ed Phase Bus

a) For gas turbine generator installations the connections fromthe
generator to the side wall or roof of the gas turbine generator enclosure will have been
made by the nmanufacturer in segregated phase bus configuration. The three-phase
conductors will be flat copper bus, either in single or multiple conductor per phase
pattern. External connection to switchgear or transforner will be by neans of
segregat ed phase bus or cable. In the segregated phase bus, the three bare bus-phases
wi Il be physically separated by nonnagnetic barriers with a single enclosure around the
three buses.

b) For applications involving an outdoor gas turbine generator for which a

relatively small lineup of outdoor metal clad switchgear is required to handle the
distribution system segregated phase bus will be used. For nmultiple gas turbine
generator installations, the switchgear will be of indoor construction and installed in
a control/switchgear building. For these installations, the several generators will be

connected to the switchgear via cables.

c) Segregated bus current ratings may follow the rule of thunb set forth
above for generator cables, but final selection will be based on expected field
condi tions.

6.3.2.3 | sol ated Phase Bus

a) For steamturbine generator ratings of 25 MVA and above, the use of
i sol at ed phase bus for connection fromgenerator to step up transforner will be used.
At such generator ratings, distribution seldomis nade at generator voltage. An
i sol at ed phase bus system wutilizing individual phase copper or alum num hollow square
or round bus on insulators in individual nonmagnetic bus encl osures, provides naxi mum
reliability by mnimzing the possibility of phase-to-ground or phase-to-phase faults.

b) Isolated phase bus current ratings should follow the rule of thunb set
forth above for generator cables.
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Section 7. STEAM CONDENSERS

7.1 Condenser Types
7.1.1 Spray Type. Spray condensers utilize mixing or direct contact of cooling

water and steam Cooling water is distributed inside the condenser in the formof a
fine spray that contacts and condenses the steam This type has application where dry
cooling towers are used. Part of the condensate fromthe condenser is circul ated
through dry cooling towers and returned to and sprayed into the condenser. The bal ance
of the condensate, which is equal to the steam condensed, is punped separately and
returned to the feedwater cycle.

7.1.2 Surface Type. Surface condensers are basically a shell and tube heat
exchanger consisting of water boxes for directing the flow of cooling water to and from
hori zontal tubes. The tubes are sealed into fixed tube sheets at each end and are
supported at internediate points along the length of the tubes by tube support plates.
Nurer ous tubes present a relatively large heat transfer and condensing surface to the
steam During operation at a very high vacuum only a few pounds of steam are contai ned
in the steam space and in contact with the large and relatively cold condensing surface
at any one instant. As a result, the steamcondenses in a fraction of a second and
reduces in volune ratio of about 30, 000: 1.

7.1.2.1 Pass Configuration. Condensers nmay have up to four passes; one and two pass
condensers are the nbpst common. In a single pass condenser, the cooling water makes one
passage fromend to end, through the tubes. Single pass condensers have an inlet water
box on one end and an outlet water box on the other end. Two pass condensers have the
cooling water inlet and outlet on the sane water box at one end of the condenser, with a
return water box at the other end.

7.1.2.2 Divi ded Water Box. Water boxes may be divided by a vertical partition and
provided with two separate water box doors or covers. This arrangenent requires two
separate cooling water inlets or outlets or both to permt opening the water boxes on
one side of the condenser for tube cleaning while the other side of the condenser
remains in operation. Qperation of the turbine with only half the condenser in service
islimted to 50 percent to 65 percent |oad dependi ng on quantity of cooling water
flowi ng through the operating side of the condenser.

7.1.2.3 Reheating Hotwell. The hotwell of a condenser is that portion of the
condenser bottom or appendage that receives and contains a certain anount of condensate
resulting fromsteam condensation. Unless the condenser is provided with a reheating
hotwel | (also commonly called a deaerating hotwell), the condensate, while falling down
t hrough the tube bundle, will be subcooled to a tenperature |ower than the saturation
pressure corresponding to the condenser steam side vacuum For power generation,
condenser subcooling is undesirable since it results in an increase in turbine heat rate
that represents a loss of cycle efficiency. Condenser subcooling is also undesirable
because the condensate may contain noncondensi bl e gases that could result in corrosion
of piping and equipnent in the feedwater system Use of a deaerating hotwell provides
for reheating the condensate within the condenser to saturation tenperature that
effectively deaerates the condensate and elim nates subcooling. Condensers should be
specified to provide condensate effluent at saturation tenperature corresponding to
condenser vacuum and with an oxygen content not to exceed 0.005cc per liter of water
(equivalent to 7 parts per billion as specified in the Heat Exchange Institute (HEl),
St andards for Steam Surface Condenser, 1970.

7.1.2.4 Air Cooler Section. The condenser tubes and baffles are arranged in such a
way as to cause the steamto flow fromthe condenser steaminlet toward the air cooler
section. The steamcarries with it the noncondensi bl e gases such as air, carbon

di oxi de, and ammmonia that |eave the air cooler section through the air outlets and flow
to air renoval equipnment. Any residual steamis condensed in the air cooler section.

7.2 Condenser Sizes. The proper size of condenser is dependent on the follow ng
factors:
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a) Steam fl ow to condenser.
b) Condenser absol ute pressure.
c) Cooling water inlet tenperature.
d) Cool i ng water velocity through tubes.
e) Tube size (O D. and gauge).
f) Tube material .
0) Effective tube length (active | ength between tube sheets).
h) Number of water passes.
i) Tube cl eanliness factor.
7.2.1 Condenser Heat Load. For approxinmation, use turbine exhaust steamflow in

pound per hour times 950 Btu per pound for non-reheat turbines or 980 Btu per pound for
reheat turbines.

7.2.2 Condenser Vacuum Condenser vacuumis closely related to the tenperature of
cooling water to be used in the condenser. For ocean, |ake, or river water, the nmaxi mum
expected tenperature is used for design purposes. For cooling towers, design is usually
based on water tenperature fromthe tower and an anbient wet bulb that is exceeded not
more than 5 percent of the tinme. The condenser performance is then calculated to
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determ ne the condenser pressure with an anbient wet bulb tenperature, that is exceeded
not nore than 1 percent of the tine. Under the latter condition and naxi mum turbi ne

| oad, the condenser pressure should not exceed 4 inches Hg Abs. Using the peak anbient
wet bul b of record and maxi mum turbine | oad, the cal cul ated condenser pressure shoul d
not exceed 4-1/2 inches Hg Abs. The turbine exhaust pressure nonitor is usually set to
alarmat 5 inches Hg Abs, which is near the upper limt of exhaust pressure used as a
basi s for condensing turbine design.

7.2.3 Cool i ng Water Tenperatures

7.2.3.1 Inlet Tenperature. Econonical design of condensers usually results in a
tenperature difference between steam saturation tenperature (t,) corresponding to
condenser pressure and inlet cooling water tenperature (t,) in the range of 20 degrees F
(11 degrees C) to 30 degrees F (17 degrees C). Table 13 shows typical design

condi tions:

Tabl e 13
Typi cal Design Conditions for Steam Condensers

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

* Cool i ng Water Tenp. Condenser Pressure tg - t,

* F(t,) In. Hy Abs Degrees, F

* 50 1.0 29.0 *
* 55 1.0 - 1.25 24.0 - 30.9 *
* 60 1.0 - 1.5 19.0 - 31.7 *
* 65 1.5 - 1.75 26.7 - 31.7 *
* 70 1.5 - 2.0 21.7 - 31.1 *
* 75 2.0 - 2.25 26.1 - 30.1 *
* 80 2.0 - 2.5 21.1 - 28.7 *
* 85 2.5- 3.0 23.7 - 31.1 *
* 90 3.0 - 3.5 25.1 - 30.6 *

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-

7.2.3.2 Ternminal Difference. The condenser terminal difference is the difference in
tenperature between the steam saturation tenperature (t,) corresponding to condenser
pressure and the outlet cooling water tenperature (t,). Economnical design of condenser
will result with t, in the range of 5 degrees F (2.8 degrees C) to 10 degrees F (5.6
degrees C) lower than t,. The HElI Conditions limits the minimumterm nal tenperature
di fference that can be used for condenser design to 5 degrees F (2.8 degrees C).

7.2.3.3 Tenperature Rise. The difference between inlet and outlet cooling water
tenperatures is called the tenperature rise that will be typically between 10 degrees F
(5.6 degrees C) and 25 degrees F (13.9 degrees Q).
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7.2.4 Tube Water Velocity. The maxi mum cooling water velocity through the tubes is
limted by erosion of the inlet ends of the tubes and by the water side pressure drop
(friction loss). Velocities in excess of 8 feet per second are sel domused. The nornal
tube water velocity ranges from6 to 8 feet per second. Higher velocities provide

hi gher heat transfer but will cause increased friction |oss. Were conditions require
the use of stainless steel tubes, the tube water velocity should be at |least 7 feet per
second to ensure that the tubes are continually scrubbed with oxygen for passivation of
the stainless steel and nmaxi mum protection against corrosion. As a general rule, 7.5
feet per second water velocity is used with stainless steel tubes. Wen using admralty
tubes, water velocities should be limted to about 7 feet per second to prevent
excessive erosion. Previous studies indicate that varying cooling water tube velocities
from6.8 to 7.6 feet per second has very little effect on the econom cs or performance
of the entire cooling water system

7.2.5 Tube Qutside Dianeter and Gauge. Condenser tubes are available in the
follow ng six outside dianmeters: 5/8-inch, 3/4-inch, 7/8-inch, 1-inch, 1-1/8 inch, and
1-1/4 inch. For power plants, 3/4-inch, 7/8-inch, and 1-inch OD tubes are the nost
preval ent sizes. As a general rule, 3/4-inch tubes are used in small condensers up to
15, 000 square feet, 7/8-inch tubes are used in condensers between 15,000 and 50, 000
square feet. Condensers |arger than 50,000 square feet nornally use at |east 1-inch
tubes. Condenser tubes are readily available in 14, 16, 18, 20, 22, and 24 gauge. For
inhibited Admralty or arsenical copper, 18 BW5 tubes are nornally used. For stainless
steel tubes, 22 BW5 tubes are normally used

7.2.6 Tube Length. The length of tubes is inportant because of its direct relation
to friction |l oss and steamdistribution over the tube bundle. The selection of tube

| engt h depends on condenser surface required, space available for the installation, and
cooling water punp power required. Nornally, economical tube length for single pass
condensers will fall in the ranges as shown in Table 14. Two pass condensers wl |
normal |y have shorter tube |engths.

Tabl e 14
Typi cal Condenser Tube Length vs. Surface

+33313333333133333333133313)3133331331331313313131313131313131313131313131313131313131313131313131313131313111113111))),
* Tube Condenser *
* Length Surf ace *
* Feet Sq. Ft. *
* 16 - 24 Less than 20, 000

22 - 30 20,000 to 50,000

30 - 36 50, 000 to 100, 000

32 - 44 100, 000 to 500, 000

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-
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7.2.7 Nunber of Water Passes. A single pass condenser is comonly used where the
water is supplied fromnatural sources such as rivers or oceans. |f the source of
circulating water is at all limted, a two pass condenser will probably be the best

sel ection since a single pass condenser requires nore cooling water per square foot of
condenser surface and per kilowatt of electrical generation. Usually, a two pass
condenser is used with cooling towers or a cooling lake. Plant |ayout and orientation
with respect to cooling water source nmay al so dictate the use of a two pass condenser
If sufficient water is avail able, the nost econonical condenser is a single pass. A
singl e pass condenser is normally smaller in physical size than the equivalent two pass
unit. Typical condenser sizes and cooling water flows for a given turbine generator
capacity are given in Table 15

Tabl e 15
Typi cal Condenser Size and Cooling Water Fl ow

+)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))%))))))

* Tur bi ne Condenser Surface Cool i ng Water *
* Cenerator Kw ft? Gom Lengt h O.D. *
* Single Two Single Two Feet I nch *
* Pass Pass Pass Pass *
* 5,000 3, 836 5, 147 6, 607 4,433 20 34 =
* 7,500 5,754 7,721 9,911 6, 650 20 34 =
* 10, 000 7,096 9,522 12, 223 8, 201 20 34 =
* 20, 000 12,728 17,079 21,924 14,701 20 34 =
* 30, 000 18,486 24,637 32,301 21,525 24 778 *
* 40, 000 24,071 33,290 36, 051 24,929 28 778 *
* 50, 000 30,704 43,211 42,921 30, 202 30 778 *
* 60, 000 34,705 46,889 57, 205 38, 645 30 1 *
* 80, 000 38,706 52,295 63, 800 43, 100 30 1 *
*100, 000 48,180 65,096 79, 418 53, 650 30 1 *

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-

Not e: Based on use of Admralty tubes, 85 degrees F (29.4 degrees C) cooling water
inlet, 2-1/2 inch Hg Abs. condensing pressure, 85 percent cleanliness factor, 6.5 ft/sec
tube water velocity, and 18 BWG tube wall thickness.

7.2.8 Tube Cd eanliness Factor. Design tube cleanliness can vary from70 to 95
percent dependi ng on tube water velocity, cooling water cleanliness, and cooling water
scal e-fornation characteristics. As condenser tubes beconme dirty, the heat transfer
coefficient is reduced and the condenser vacuumis decreased. Wen the cooling water is
clean or is chlorinated, a factor of 0.85 is nornally used. For bad water conditions, a
| ower val ue should be used. |If the cooling water conditions are very good, a val ue of
0.90 or 0.95 could be used. For a cooling tower systemw th stainless steel condenser
tubes, it is practical to use a value of 0.90. For a cooling tower systemwth

Adm ralty condenser tubes, a tube cleanliness factor of 0.85 should probably be used
because of |ower tube water velocities through the tubes. In general, with all types of
cooling water (river, ocean, lake, cooling tower) a factor of 0.85 is commonly used for
copper alloy tubes and 0.90 is commonly used for stainless steel tubes
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7.2.9 Surface. The condensing surface nay be cal cul ated by use of Equation 5.
EQUATI ON: A = Q@Um (5)
wher e:

A = condensing surface (outside active tube area), ft2

Q = condenser heat load = Wx Hr, Btu/h

W = exhaust steamfromturbine, |b/h

H = heat rejected |l atent heat of exhaust steam 950 Btu/lb for
nonreheat unit, 980 Btu/lb for reheat unit

U = heat transfer coefficient = Cx W% x C x G x G

V = velocity of cooling water through tubes, fps

C x VW5 = heat transfer coefficient at 70 deg F, (see Figure 30)

C, = correction factor for inlet water tenperatures other than
70 degrees F, (see Figure 30)

C, = correction factor for tube material and thickness other
than No. 18 BWG Adnmiralty (see Figure 30)

C = correction factor for tube cleanliness, (see para. 7.2.8)
m = |l ogarithm c nmean tenperature difference
= (ty - t)/{loge[(ts - t))/(ts - ty)]}
t, = cooling water outlet tenperature, degrees F
t, = cooling water inlet tenperature, degrees F
t, = saturation tenperature, degrees F of exhaust steam
correspondi ng to condenser pressure
7.2.10 Cooling Water Flow. My be cal cul ated by use of Equation 10.
EQUATI ON: G = Q@Q500(t, - t,) (10)
wher e:
G = Condenser cooling water flow, gpm
7.3 Condenser Materials. Typical materials of construction for condenser shell,

wat er boxes, tube sheets, and tubes are listed in HEl S. Recommended tube, tube sheet,
and water box materials are shown in Table 16.

7.3.1 Shell. The condenser shell is usually welded steel construction reinforced
agai nst col l apsing forces resulting fromhi gh vacuum Carbon steels ASTM A283 Grade C,
Specification for Low and Internediate Tensile Strength Carbon Steel Plates, Shapes,
Shapes, and Bars, ASTM A285 Grade C, Specification for Pressure Vessel Plates, Carbon
Steel, Low and Internediate Tensile Strength, and ASTM A516 G ade 70, Specification for
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Pressure Vessel Plates, Carbon Steel, for Mderate and Lower Tenperature Service, are
commonly used without preference of one type over the others. NEl standards require
1/32-inch corrosion allowance and 1/16-inch corrosion allowance is usually specified.

7.3.2 Tube Support Plates. Tube support plates are |located at periodic intervals
along the length of the tubes to steady and prevent vibration of the tubes that could
otherwi se result frominpi ngement of high velocity steamor possibly from cooling water
flow. Carbon steel plate, either ASTM A283 Grade C or ASTM A285 Grade C material is
usual Iy used. Tube support plates should not be | ess than 3/4 inch thick. The spacing
of the tube support plates shall be in accordance with HEl standards. The nmaxi mum
spacing for 1-inch, 22 gauge Type 304 stainless steel tubes shall not be greater than 48
i nches.

7.3.3 Tubes. Recommended condenser tube gauge, water velocity, and application are
shown in Table 17. The relative resistance to various failure nechani sns of npst widely
used materials is shown in Table 18. A final choice of tube material should not be nade
wi thout a thorough understanding of the effects and problens related to the fol |l ow ng:

a) Tube nmetal corrosion.

b) Tube netal erosion.

c) Tube water velocity.

d) Cooling water scaling characteristics.

e) Foreign body contam nation, particularly seashells.

f) Biofouling.

g) Chemcal attack.

h) Gl vanic corrosion and protection.

i) Dealloying such as dezincification.

j) Stress corrosion cracking.

k)  Tube i npingement and vibration.

I) Cooling water characteristics such as freshwater, seawater,
bracki sh water, polluted water, concentrated cooling tower water, etc.
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Heat Transfer Through Condenser Tubes
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TABLE 16
Recommended Tube, Tube Sheet and Water Box Materials

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Specific Interior Water Cat hodi ¢ *
* \Wat er Conduct ance/ Tube Sheet Wat er Box Box Protection =*
* Type Chl ori des? Material Material Material Coating Type *
* nms/cm ng/lL *
* Fresh- 2, 000 250 304 ss, Car bon Car bon None None *
> wat er ASTM St eel St eel ? *
* A 249 ASTM *
* A283 G C *
* Fresh- 6, 000 1,000 304 SS, Car bon Car bon None Sacrificial =
> wat er ASTM St eel St eel 2 Anodes *
* A 249 ASTM *
* A283 &G C *
* Fresh- 9,000 1,500 304 SS Car bon Car bon Yes Sacrificial =
> wat er ASTM St eel St eel ? Anodes *
* ASTM *
* A283 &G C *
* Brackish 9,000 1,500 90- 10 Al umi num Car bon Yes | npressed *
* wat er and Cu-Ni , Bronze St eel ? Current *
> Hi gh TDS (Alloy D *
* Freshwat er 61400 *
* Cl ean 30, 000 15,000 90-10 Al umi num Car bon Yes | npressed *
* Seawat er Cu-Ni , Bronze St eel ? Current *
* C70600 (Al oy D) *
* C61400 *
* Pol | uted 30,000 15,000 Titanium Al um num Carbon Yes | npressed *
* Seawat er?® ASTM Bronze St eel ? Current *
* B33 G (Aloy D, *
* C61400 *

-233333333333333333333333333333333331333133131313331331333133313133313331313II131)I))))-

! her chenical characteristics of the cooling water nmust be considered, such as ph and
iron and manganese concentration. Full classification of the cooling water nust be on a
proj ect by project basis.

2ASTM A 285 & C or ASTMA 283 & C

SPol l uted seawater includes water with sulfide related content. Sulfides and sul fide
rel ated conmpounds nay be found in cooling waters other than seawater.
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Tabl e 17
Recommended Tube Gauge, Water Velocity, and Application

%3333333333333333333333333333333331333133313133313313133133313331313331333131)31311))))
* Possi bl e Applications

* Al r *
* Gauge Velocity Mai n Renoval *
* Freshwater Alloys BWG FPS Body Section Periphery =
* Once- Through System *
* Admiralty Brass 18 8 max X *
* 90- 10 Copper Ni ckel 20 10 max X X X *
* 70- 30 Copper Ni ckel 18, 20 15 max X X *
* 304 Stainless Steel 22 5 mn X X X *
* Recircul ating System *
* 90- 10 Copper Ni ckel 20 10 max X X X *
* 70- 30 Copper Ni ckel 18, 20 15 max X X *
* 304 Stainless Steel® 22 5 mn X X X *
*  Once- Through System *
* 90- 10 Copper Ni ckel 18, 20 8 max X X X *
* 85-15 Copper Ni ckel 20 max X X X *
* 70- 30 Copper Ni ckel 18, 20 15 max X X X *
* "Super" Stainless *
* St eel 22 5 mn X X X *
* Ti tani um 22 5 mn X X X *

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-

1. Low chloride content waters only.
2. Recommendations are the sanme for a once-through systemor a recirculating system

Source: din Fineweld Condenser and Heat Exchanger Tube Synposi um
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Tabl e 18
Rel ati ve Resistance of Mdst Wdely Used Tube Materials to Failure

+)))))))))))))))))))))))))))))))))))))))))g)%g))%?)))?)))))))))))))))))))))))
ai nl ess

Fai l ure Mechani sm Admralty Cu-N Cu-N Steel Ti tani um

Ceneral Corrosion
Er osi on Corrosion
Pitting (Operating)
Pitting (Stagnant)
H gh Water Velocity
Inl et End Corrosion
St eam Er osi on
Stress Corrosion
Chloride Attack
Amoni a Attack
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NOTE: Nunbers indicate relative resistance to the indicated cause of failure on a scale
of 1 (lowest) to 6 (highest).

7.3.3.1 Freshwater Service. The npst commonly used tube naterials for freshwater
service are Type 304 stainless steel (ss), 90-10 copper nickel and, to a | esser extent,
Admiralty metal. Stainless steels, both type 304 and 316, provide excellent resistance
to all forns of corrosion in fresh water. However, stainless steels are susceptible to
bi of oul i ng, and scal e buildup can also be a problem Al npst all failures of stainless
steel tubes, because of corrosion, can be traced to the problem of tube fouling
(including seawater applications). Type 304 stainless steel is a good selection for
freshwat er makeup cooling tower systens. Stainless steel provides a good resistance to
sul fide attack, but the chloride |levels must be kept low. For 304 stainless steel
chlorides |l ess than 1500 ng/L should be acceptable

Copper alloys have al so been used successfully in freshwater applications
Their main advantage over stainless steels is better resistance to biofouling
Adm ralty and 90-10 copper-ni ckel have been used in both once-through and recircul ating
freshwater cooling systems. Admiralty provides good corrosion resistance when used in
freshwater at satisfactory velocities (less than 8 fps), good biofouling resistance
good thermal conductivity and strength, and sone resistance to sulfide attack
Admralty is susceptible to stress corrosion cracking if anmnia is present. Admiralty
shoul d not be used in the air renpval sections. Admiralty is also susceptible to
dezincification. Because copper alloys are susceptible to amoni a based stress
corrosion cracking, to bl ockage induced erosion/corrosion, and to deposit rel ated
attack, stainless steel (Type 304) is the best tube material for freshwater once-through
or recirculating cooling water systens.
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7.3.3.2 Bracki sh Water Service. Brackish water is defined as any water with chlorides
in the range of 1500 ng/L to 12000 mg/L and associ ated hi gh concentrations of tota

di ssol ved solids. Brackish water also refers to the recirculating systenms with
freshwat er makeup where the cycles of concentration produce high chlorides and tota

di ssol ved sol i ds.

In spite of overall excellent corrosion resistance, stainless steels have
not been used extensively in brackish or seawater. Type 316 stainless has been used
successfully in a few instances and where special care was taken to keep the tubes free
of fouling. Because of stringent preventive maintenance requirenments and procedures
Type 316 stainless steel is not considered the best tube material for use in brackish
wat er applications. For condenser cooling water with high chloride concentration
increased attention is being given to newly devel oped austenitic and ferritic stainless
steels. It is generally accepted that for austenitic stainless steel to resist
corrosion, the nol ybdenum content should be 6 percent with a chrom umcontent of 19 to
20 percent. For ferritic steels, the nol ybdenum content should be at |east 3 percent
and the chrom um content shoul d probably be 25 percent or nore.

Copper alloys, including alum num brass, alum num bronze, and copper - ni cke
have been used extensively in brackish water applications. Because of overall failure
rate experience, 90-10 copper-nickel is the reconmended tube naterial for use with
bracki sh water in the main body of tubes with 70-30 copper-nickel in the air renoval
sections. Wen inlet end infringenment and erosion attack due to water flowis a
potential problem 85-15 copper-nickel should be considered. However, if the brackish
cooling water is also characterized by high sulfide concentrations, consideration for
use of the "super" stainless steels is recomended

7.3.3.3 Seawater Service. Seawater materials are considered wherever the chlorides in
the cooling water are greater than 15,000 ppm Seawater al so includes cooling tower
systens where bracki sh water is concentrated and high chlorides and total dissolved
solids result. As long as the seawater is relatively clean and free of pollution, the
recommendati ons for brackish water materials are applicable

Titani um tubes are being used with increasing frequency for seawater
application. Titaniumis essentially resistant to all oxidizing nedia by virtue of the
stable, protective oxide film The major problens with titaniumtubes include its high
fouling rate in low water velocity systens, its susceptibility to hydrogen
enbrittlement, and its | ow nodul us of elasticity. Were scale formation or micro-
bi ol ogi cal slimes can possibly occur, an on-line mechanical tube cleaning systemis
required to maintain a high tube cleanliness factor. Careful attention nust also be
given to support plate spacing to avoid vibration when using thin walled titani umtubes
and extra support plates are needed
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Because of the expense and potential problens with titaniumtubes, 90-10
copper-ni ckel and 70-30 copper-nickel tubes are considered better selections for clean
seawat er applications. Wen the seawater is also characterized by a high sulfide
concentration, the new austenitic and ferritic stainless steel condenser tube alloys
shoul d be consi dered since 90-10 copper-nickel and 70-30 copper-nickel are highly
susceptible to sulfide pitting attack.

7.3.3.4 Polluted Water Service. Polluted water materials should be used whenever

sul fides, polysulfides, or elenental sulfur are present in the cooling water. Sulfides
produce and accel erate corrosi on of copper alloys. Therefore, copper based alloy tubes
are not considered feasible polluted water materials. Stainless steel is also not
acceptabl e since the polluted water is usually brackish or seawater. This | eaves
titaniumand the new austenitic and ferritic stainless steels. The npbst acceptable of
these tube materials is titaniumbased nainly on its greater experience. However, the
"super" stainless steels, which were created predom nantly for use with polluted cooling
water, are |ess expensive than titanium and are not expected to experience any of the
problens with cathodic protection systens that are possible with titaniumtubes. The
majority of installations using these new "super" stainless naterials are located in
coastal areas with polluted cooling water. To date, the results have been favorable for
the "super" stainless steels used in this application.

7.3.4 Tubesheets. In order to prevent galvanic action between tubes and

t ubesheets, the obvious selection of tubesheet material for new units is the use of sane
material as the tubes. However, this may be prohibitively expensive. The next best
choice is to use materials that are as close as possible to one another in the gal vanic
series (see Figure 31) or ensure satisfactory perfornmance by using coatings or cathodic
protection.

7.3.4.1 Freshwat er Service. Tubesheet material conpatible with stainless steel tubes
are carbon steel and stainless steel. Carbon steel has been used successfully for
tubesheet nmaterial. Since it is |ess expensive than stainless steel, it is the obvious

tubesheet naterial selection for use with stainless steel tubes. Mntz netal is the
nmost wi dely used tubesheet material with copper-nickel tubes. Mintz netal is also
suitable for use with Adnmiralty tubes.

7.3.4.2 Bracki sh and Seawater Service. Because of their relatively high yield
strengths, al um num bronze and silicon bronze provi de good tube-to-tubesheet joint
integrity and good pull-out strength. The materials are conpatible with all copper
alloy tubes. Even if titaniumtubes are used, alum num bronze is the nbst common choice
for tubesheet naterial involving welded tubes. (Cathodic protection is required,
however.) Silicon bronze tubesheets are not w dely used. Al unm numbronze is the
preferred tubesheet material for copper-nickel installations since silicon bronze is not
easily wel dabl e and since Muntz netal does not provide as much strength. Al so, as a
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Figure 31
Galvanic Series of Metals and Alloys in Flowing Seawater
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t ubesheet material, alum numbronze is significantly |ess susceptible to gal vanic
corrosion than Mintz nmetal. The cost difference between al um num bronze and silicon
bronze is slight. The actual material cost of silicon bronze is slightly |ower but the
added thi ckness or supports required for high pressure designs negates any nateri al
savings. Mntz netal is not the best naterial since it does not have the strength
required to ensure adequate tube-to-tubesheet integrity. However, as with freshwater,
Munt z netal tubesheets are often used w th copper-nickel tubes.

New condenser tubesheet naterials are under consideration as a result
of the ever increasing use of the new austenitic and ferritic stainless steel condenser
tube materials. Stainless steels such as Type 316L and other proprietary alloys are
simlar to Type 304 stainless steel but with the addition of nolybdenumthat offers
i ncreased resistance to general corrosion, pitting, and crevice corrosion attack.

Gal vani ¢ corrosi on between the new "super" stainless steel condenser tubes and these
tubesheet materials is nminimzed because their simlar conmpositions places them
relatively close on the galvanic series chart. The 316L and simlar tubesheet materials
are also slightly cathodic to the "super" stainless steel tube alloys. This is

desirabl e since whatever corrosion takes place, if any, will occur on the thicker
tubesheet instead of the thinner walled tubes.

7.3.4.3 Pol luted Water Service. Al umnumbronze is the preferred tubesheet materi al
for titaniumtubes. For extrenely polluted water, a titaniumtubesheet (or titanium
cl added tubesheet) should be considered. This arrangenent would prevent any potenti al
gal vani ¢ corrosion of the alum num bronze as well as elimnate any problemwth
corrosion due to the sulfides. A properly designed cathodic protection system should
protect the al um num bronze tubesheet.

Recommended tubesheet materials for use with tubes made of the new
austenitic and ferritic stainless steels are the sane as descri bed under bracki sh water.
7.3.5 Wat er Boxes

7.3.5.1 Freshwat er Service. Use carbon steel ASTM A285 Grade C or ASTM A283 Grade C
with copper alloy or stainless steel tubes.

7.3.5.2 Bracki sh and Seawat er Service. Witer box materials include carbon steel,
stainless steel, and 90-10 copper-nickel. |In brackish water, there is no advantage to
using stainless steel over carbon steel since stainless steel is nore expensive and is
al so susceptible to corrosion. A feasible alternative is 90-10 copper-nickel but it is
significantly nore expensive than carbon steel. Carbon steel is an acceptabl e choice
assuning that the interior of the water box is properly coated and that sone form of
cathodic protection for the water box is provided.
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7.3.5.3 Pol luted Water. Coated carbon steel water boxes with cathodic protection is
the recommended choice for use with titaniumor the new austenitic and ferritic
stai nl ess steel tubes.

7.3.6 Exhaust Neck. The connection piece extending fromthe turbine exhaust flange
to the main body of the condenser and often referred to as the condenser neck is nade of
the same material as the condenser shell

7.3.7 Expansi on Joints

7.3.7.1 Exhaust Neck. For bottom supported condensers, an expansion joint nmade of
copper, stainless steel, or rubber is |ocated between the turbine exhaust flange and the
mai n body of the condenser, either as a part of the exhaust neck of the condenser or
separate conponent. Corrosion of copper joints has caused the use of this naterial to
be essentially discontinued. The use of stainless steel is satisfactory but expensive
The majority of all condensers are now furnished with a rubber (dogbone type) expansion
joint. The rubber dogbone type is preferred because it can nore easily be replaced as
conpared to a stainless steel joint.

7.3.7.2 Shell. Dependi ng upon the type of tube to tubesheet joining, there can be and
usually is a difference in expansion between the shell and tubes during operation
Sui t abl e means nmust be incorporated in the design of the condenser to provide for this
differential expansion. Both flexing steel plate and U bend type have been used

however, the najority of condensers are furnished with a steel U-bend type that is

usual ly | ocated adjacent to one of the tube sheets.

7.4 Condenser Support

7.4.1 Bot t om Support. Bottom support is the sinplest nethod and consists of
mounting the condenser rigidly on its foundation. The condenser done, turbine exhaust
ext ensi on piece, or condenser neck as it is commonly called is attached to the turbine
exhaust flange by bolting or wel ding and contains an expansion joint of stainless steel
copper, or rubber.

7.4.2 Spring Support. The condenser is bolted directly to the turbine exhaust
flange and supported at the bottomfeet by springs to allow for expansion. This avoids
the use of an expansion joint in the condenser neck. However, all piping connected to
the condenser for auxiliaries nust be provided with expansion joints to pernmt free
nmovenment of the condenser. This method is sel dom used

7.4.3 Rigid Support. The condenser is bolted to and supported fromthe turbine
exhaust. The center of gravity of the condenser must be centered on the turbine
exhaust. As with the spring support nethod, all auxiliary piping nmust be provided with
expansion joints. The use of this method is restricted to small turbine generator
units.
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7.5 Condenser Air Renpva

7.5.1 Continuous Air Renmoval. Continuous air renoval is acconplished by use of
either a steamjet air ejector or nechanical air exhausters (vacuum punps). Recomended
capacities of air renpbval (venting) equipnent for single shell condensers should not be
| ess than shown in Table 19. For other condenser arrangements refer to conplete tables
presented in HElS.

Tabl e 19
Venti ng Equi prent Capacities For Single Shell Condenser

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Tur bi ne Exhaust St eanm Ai r *
* St eam Fl ow M xture *
* I b/h SCEM *
* Up to 25,000 3.0 *
* 25,001 to 50,000 4.0 *
* 50,001 to 100,000 5.0 *
* 100, 001 to 250, 000 7.5 *
* 250,001 to 500,000 10.0 *
* 500, 001 to 1, 000, 000 12.5 *
-233333333333333333333333333333333131333133131313331331333133313133313331313II131II))))-
7.5.2 Hogging Air Renoval . For evacuating steam space, when starting up to a

condenser pressure of about 10-inch Hg Abs., a steam operated hoggi ng ejector or
mechani cal air exhausters (the sane equi pnent as used for continuous air renoval) nust
be used. Hogger capacities as shown in HEIS are shown in Table 20

Tabl e 20
Hogger Capacities
+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

y x>
* Tur bi ne Exhaust (at 1. O" Hg Abs *
* St eam Fl ow | b/ hr suction pressure) *
* Up to 100, 000 50 *
* 100, 001 to 250,000 100 *
* 250, 001 to 500, 000 200 *
* 500, 001 to 1,000, 000 350 *

-233333333333333333333333333333333331333133131313331331333133313133313331313II131)I))))-
1. SCFM - 14.7 psia and 70 F
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Section 8. AUXI LI ARY EQUI PMENT

8.1 Condensate Storage and Transfer. About 0.5 percent of the steamflow to the
turbine is lost fromthe cycle. These |osses occur at points such as the deaerator
conti nuous noncondensi bl es and steam vent, punp gl ands, valve packi ng | eaks, continuous
boi | er bl ondown, and conti nuous water and steam sanples. Demineralized water is also

required for filling the boiler/turbine generator unit systeminitially prior to startup
and during times of boiler or cycle maintenance and chenical cleaning. The condensate
storage and transfer equipment is illustrated in Figure 32

8.1.1 Condensate Storage Tank. For normal operation, the excess or deficiency of

cycl e water caused by | oad changes is usually handl ed by providing a condensate storage
tank which can accept and hol d excess condensate or provi de condensate makeup for cycle
wat er deficiency. A tank sized for twice the cycle water swell volunme will usually
provide sufficient capacity for normal condensate makeup and dunp requirenents.

Condenser vacuumis normally used as the notive force to draw condensate fromthe
storage tank to the condenser through nakeup control valves. Condensate dunp fromthe
cycle to the storage tank usually is made fromthe condensate punp di scharge

t hrough dunp control valves. For cogeneration plants, the function of condensate return
from heating and other processes is usually conbined with the function of condensate
storage using a single tank.

8.1.2 Dei oni zed or Demineralized Water Storage Tank. Water required for filling the
cycle or boiler either initially, for maintenance or for chenical cleaning, is usually
stored in separate tanks which contain deionized or demineralized water. The anmount of
storage required is about 1,000 gallons per MNof installed electric generating capacity
which is usually divided into not less than two tanks. Provide two punps for transfer
of water as needed fromthese tanks to the condensate storage/return tank. |If an
evaporator is used for cycle water makeup, a simlar anount of 1,000 gallons per MN
storage capacity is necessary. For additional requirements see M L-HDBK-1003/6.

8.1.3 Condensat e Receivers and Punps Sizing. For sizing of condensate receivers and
associ ated punps, see Section 4, Power Plant Steam Generation

8.1.4 Condensate Punps. Condenser condensate punps are used for punping condensate
fromthe turbine condenser to the deaerator through the | ow pressure feedwater heaters
the steamjet air ejector, and the turbine gland steam condenser (if any). Two
condenser condensate punps, each capable of handling full |oad operation, shall be
provided of either the horizontal split case or vertical can type. The vertical can
type punps are often used because the construction and installation provides for net
positive suction head (NPSH) requirenments without the use of a pit for punp location
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8.1.5 Condensate Transfer Punps. Condensate transfer punps are used to punp
condensate fromthe nmain condensate storage/return tank to the deaerator. Two
condensat e transfer punps, each capable of handling full |oad operation, shall be
provided of either the horizontal split case or vertical can type. The standby
condensate transfer punp can be used for boiler fill, energency condensate makeup to the
deaerator, and initial fill of the condenser.

8.1.6 Condensate deaning. G and other undesirable matter should be renoved from

condensate returned fromthe process and fuel oil tubular heat exchangers. G 1 wll
cause foaming and primng in the boilers as well as scale.

8.1.6.1 \Wastage. Condensate containing oil should be wasted.

8.1.6.2 Filtration. Where the amount of oil-contaninated condensate is so great that
it would be uneconomical to waste it, provide cellulose, diatonmte, leaf filters, or
ot her acceptabl e nmethods to clean the condensate.

8.2 Feedwater Heaters. Low pressure feedwater heaters are used in the condensate
syst em bet ween t he condensate punp di scharge and boiler feed punps, and utilize |ow
pressure turbine extraction or auxiliary turbine exhaust steam for heating the
condensate. High pressure feedwater heaters are used in the feedwater system between
the boiler feed punp discharge and the boiler, and utilize high pressure turbine
extraction steamfor heating the feedwater. The condensate or feedwater tenperature
increase for each feedwater heater will be in the range of 50 to 100 degrees F (28 to 56
degrees C) with the actual value determ ned by turbine nmanufacturer's stage |ocation of
steam extracti on nozzles. Depending on turbine size, sonme turbines offer alternate
nunmber of extraction nozzles with usually a choice of using the highest pressure
extraction nozzle. The selection, in this case, of the total nunber of feedwater
heaters to use should be based on econonic evaluation. The feedwater heater equi prent
is illustrated in Figure 32.

8.2.1 Low Pressure Heater(s). Use one or nore |ow pressure feedwater heaters to

rai se the tenperature of condensate from condensate punp di scharge tenperature to the
deaerator inlet tenperature. The heater drains are cascaded fromthe higher pressure
heater to the next |ower pressure heater with the | owest pressure heater draining to the
condenser.

8.2.2 Hi gh Pressure Heater(s). Use one or nore high pressure feedwater heaters to
rai se the tenperature of feedwater from deaerator outlet tenperature to the required
boi | er econom zer inlet tenperature. The heater drains are cascaded fromheater to
heater, back to the deaerator in a fashion simlar to the heater drain systemfor the
| ow pressure heaters.

8.3 Heat er Drai n Punps
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8.3.1 Low Pressure Heater Drain Punp. Low pressure heater drain punps nay be used
for punping drains fromthe | owest pressure heater to a point in the condensate piping
downstream fromthe heater in lieu of returning the drains to the condenser. Punping of
the heater drains in this fashion provides recovery of heat which would other w se be
lost to the condenser. The use of |ow pressure heater drain punps can be deci ded by
econom ¢ evaluation. Use only one punp and provide alternate bypass control of drains
to the condenser for use when the drain punp is out of service.

8.3.2 Hi gh Pressure Heater Drain Punps. Hi gh pressure heater drain punps are
required, when high pressure heater drains are cascaded to the deaerator, in order to
overcone the el evation difference between the | owest high pressure heater and deaerator.
Use two full capacity punps with one of the two punps for standby use.

8.4 Deaerators. Provide at |east one deaerator for the generating plant. The
deaerator usually is arranged in the cycle to float in pressure with changes in
extraction pressure (which changes with turbine load). Deaerator(s) for power plants
usual Iy heat the condensate through a range of 50 to 75 degrees (28 to 42 degrees C).
See Section 4, Table 6; and M L-HDBK-1003/6, for further requirenents.

8.4.1 Deaerator Function. The prinmary function of the deaerator is to renove

di ssol ved oxygen fromthe condensate in excess of 0.005 cc of oxygen per liter of
condensate at all loads. In addition, the deaerator will nornally performthe follow ng
functions:

a) Heat the condensate in the |ast stage of condensate systemprior to
the boiler feedwater system

b) Receive the boiler feed punp recircul ation.

c) Provide the boiler feed punps with the required net positive
suction head.

d) Receive water fromthe condensate system and provi de surge capacity
in the storage tank.

e) Provide hot water for air preheating and conbustion gas reheating
(if any) and/or other auxiliary heat requirenents.

f) Receive drains fromhigh pressure heaters.
g) Receive high pressure trap drains.
The deaerator functions are illustrated in Figure 33.

8.4.2 Deaer at or Design Pressure

a) Turbine manufacturers indicate that the extracti on pressure quoted
on the heat bal ances may vary as nuch as plus or mnus 10 percent. Considering
operation with extraction heaters out of service, the nanufacturers recomend that the
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deaerator be designed for a possible 15 percent increase in the pressure fromthat shown
on the manufacturer's heat bal ance.

b) Safety val ve manufacturers recommend that a suitable margin be
provi ded between the maxi num operating pressure in a vessel and the set pressure of the
|l owest set relief valve. This prevents any undesirable operation of the relief device.
They suggest that this nargin be approxi mately 10 percent above the naxi mum operating
pressure or 25 psi, whichever is greater.

c) The deaerator design pressure shall be specified with a design
pressure equal to naxi mum extraction pressure x 1.15 plus allowance for safety val ve.
The al l owance for safety valve shall equal naxi mumextraction pressure x 1.15 x 0.1 or
25 psi, whichever is greater. The design pressure should be rounded up to the nearest
even 10 psi.

The maxi mum al | owabl e worki ng pressure shall be assuned to be equal to
t he design pressure.

d) If the deaerator design pressure is 75 psi or greater, the
deaerator shall also be designed for full vacuum (thereby elinminating the need for a
vacuum br eaker.)

8.4.3 Deaerator Storage Volune. The deaerator storage volune, elevation, and boiler
feed punp net positive suction head (NPSH) are related as outlined in Rodney S.
Thurston's paper "Design of Suction Piping: Piping and Deaerator Storage Capacity to
Protect Feed Punps," Journal of Engineering for Power, Volume 83, January 1961, ASME pp
69-73. The boiler feed punp NPSH is cal cul ated using the foll owi ng equation:

EQUATI ON: NPSH = (P, + P, - P) x (144/D) + h, - f (11)
wher e:

P, = Atnospheric pressure, psia

P, = Steam pressure in deaerator, psig

P, = Vapor pressure of boiler feedwater at boiler feed punp

suction, psia
D = Density of boiler feedwater, |b/cu. ft.
h, = Static head between deaerator water |evel and centerline

of boiler feed punp, ft
f = Friction loss in piping fromdeaerator to boiler feed punp
suction, ft
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Deaerator Functions
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a) Deaerator storage volune should be not |ess than the vol une of
feedwat er equivalent to 10 minutes of feedwater flow at full turbine | oad.

b) The deaerator is usually located at the sane el evation as the
boi | er mai n upper drum

8.4.4 Deaerator Rating

8.4.4.1 Rated Capacity. The rated capacity of a deaerator is the quantity of
deaerated water in pounds per hour delivered to the boiler feed punps by the deaerating
unit and includes all of the steamused for heating in the deaerator.

8.4.4.2 Oxygen Renpval . Deaerators should be specified to provide condensate
effluent, at all |loads, at saturation tenperature corresponding to deaerator pressure
and with an oxygen content not to exceed 0.005cc of oxygen per liter of condensate.

8.5 Boil er Feed Punps. For design and other data relative to boiler feed punps
and feedwater punping systens, see Section 4, Table 6, and M L- HDBK- 1003/ 6.

8.6 Pressure Reducing and Desuperheating Stations. A pressure reducing and
desuperheating station is shown in Figure 34.

8.6.1 Pressure Reducing Stations. Typical use of pressure reducing control valves
are as follows:

a) Boiler drumsteamsupply to auxiliary steam system supplying
bui | di ng heating equi prent, fuel oil heaters, and deaerator standby steam supply.

b) Min steam suppl emental and standby supply to export
st eam

c) High pressure extraction bypass to deaerator.
d) Min steamsupply to steamjet air ejector, if used.
For load variations of 3:1 and larger, use two parallel pressure

reducing stations with a conmon val ved bypass; use one for one-third of total |oad and
the other for two-thirds |oad instead of single pressure reducing valve, or station.
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8.6.2 Desuper heating Stations. Desuperheating stations usually consist of a
control valve station which is used to regulate the fl ow of desuperheating water (from
boi |l er feed punps or condensate punps di scharge, depending upon the reduced pressure of
export stean) to the desuperheater. Water used for tenpering nust be of dem neralized
wat er or good quality condensate to avoid mneral deposits on the desuperheater
Desuperheaters may be of the steamor mechanically atomi zed type. Desuperheaters may
al so be used on the boiler steam headers for main steamtenperature control, depending
upon the design of the boiler.

8.7 Conpressed Air System
8.7.1 Applications. The major uses of conpressed air for power plants are for plant

servi ce which includes boiler fuel oil atom zing, soot blow ng, and instrunent air
supply. The use of conmpressed air for fuel oil atomnizing should be econonically
eval uat ed versus steam or nechani cal atom zation. The use of conpressed air versus
steam bl owi ng for soot blowers should al so be econonically eval uated

8.7.2 Equi pment Description, Design, and Arrangenent. For description of types,
design requirements, and arrangenent of air conpressors, aftercoolers, receivers, and
air dryers, see M L-HDBK-1003/6 and NAVFAC DM 3. 05, Conpressed Air and Vacuum Systens.

8.8 Auxiliary Cooling Water System A closed circulating cooling water system
shall be provided for cooling the bearings of auxiliary equipnent such as punps and
fans, for air conpressor jackets and aftercool ers, turbine oil coolers, generator air or
hydr ogen cool ers, and sanple cooling coils. The systemshall consist of two shell and
tube heat exchangers, two water circulating punps, one head tank, and necessary val ves
and piping. A typical auxiliary cooling water systemis illustrated in Figure 35

The auxiliary cooling water head tank is used as an expansion tank, to
provide head on the systemand to provide a still volune to pernmt release of air from
the system The normal operating water |evel of the head tank should be approxinately
70 percent of the tank capacity. To provide for expansion fromcold to operating
tenperatures, a volunme equal to approxinmately one percent of the volunme of the system
shoul d be provi ded between the normal operating |evel and the high water alarm The
tank should be provided with an overflow piped to drain. The tank should be | ocated
above the highest piece of equipnent being cooled by the auxiliary cooling water system
This will assure a positive pressure throughout the system both during nornal operation
and in the shutdown node.
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The tenperature of auxiliary cooling water fromthe heat exchangers shoul d
be mai ntai ned constant by use of an autonatic tenperature control system which regul ates
a control valve to bypass auxiliary cooling water around the cooling water heat

exchangers.

The auxiliary cooling water in the systemis treated initially upon filling
with chem cal additives to prevent corrosion throughout the system Chenica
concentration of water contained in the systemis maintained during plant operation by
periodic injection of chenicals. This is acconplished by neans of a pot feeder |ocated
on the discharge of the auxiliary cooling water punps.
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Section 9. COAL HANDLI NG

9.1 Unl oadi ng Systens. See M L-HDBK-1003/6, Section 5, for railroad and truck
delivery and coal handling. Unloading systens are required at the plant site for
removing or discharging coal fromthe primary carrier. The unloading systemis an
integral part of the overall coal handling systemfor a power plant.

9.1.1 Barge. Barge unloaders are required for river barges (195 feet long x 35 feet
wide x 12 feet side, 1,500 ton capacity each) and for ocean barges (462 feet long x 82
feet wide x 28 feet side and combing, 13,000 to 18, 000-ton capacity each dependi ng upon
all owabl e draft).

9.1.1.1 Ri ver Barge Unl oader. Unloaders for river barges are usually of the

conti nuous bucket | adder type. Unloaders of this type range in capacity from1,500 to
5,000 tons per hour. The unloader supports one or two bucket elevator type digging

el ements as shown in Figure 36. The unloader nay be arranged to either |ower and raise
the elements relative to the barge or swing into and out of the barge froma pivot at
the upper end. Barges are noved under the unloader by use of a barge haul system
especially designed for this type of machine. The haul system consists of a hauling

wi nch, return wi nch, sheaves, and wire rope cable. The hauling winch is designed to
nmove the barge at an adjustable speed fromapproximately 5 to 50 feet per nminute. The
return winch is designed to nove the barge at faster rates of speed. Each wi nch nust be
designed to exert a retarding torque during barge unloading in order to keep the cables
tight and prevent barge drift. Wth the continuous | adder type of unloader, the barge
bei ng unl oaded nmust be kept in alignment with the dock face

The barge unl oadi ng procedure used with the continuous |adder unl oader will
vary with the size of barge being unl oaded and number of digging elements. For a 195-
foot x 35-foot standard hopper barge, a "two pass" unloading procedure is generally used
with a single digging element and a "three pass" unloadi ng procedure is generally used
with twin digging el ements.
9.1.1.2 Ccean Barge Unl oader. Unloaders for ocean barges are usually of the clanshel
bucket type; however, the continuous bucket |adder type has al so been used. d anshel
bucket unl oaders range in size from400 tons per hour to 2,000 tons per hour. The
capacity of a clanshell unloader is specified in tons per hour-free digging rate based
on a nean duty cycle. The nean duty cycle is based on the average travel and lift of
the bucket required for a barge of specified di mensions.

The tower structure of the unloader may be either stationary or novable
The stationary type requires a systemof hauling and breasting wi nches and cables to
nmove and position the barge along the dock relative to the unloader tower structure and
boom Ccean barges have four or nore
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SPROCKETS

Usad with permission of Orovo Weilman Compeny

Figure 36
Arrangement of Continuous Bucket Ladder for Unloading Barges
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separate conpartnents with each conpartnent provided with a | arge hatch cover. Hatch
covers are noved to the open position by neans of cables attached to the unl oader
bucket. These cables are also used to | ower a bulldozer into each conpartment for final
cl eanup of coal.

The unl oader boom may be extended on both sides of the tower structure,
which allows the unloader to be used also for coal reclaimfroman onshore stockpile.
The boom nay al so be provided with a novabl e operating cab which can be positioned to
serve at either end of the boom

The unl oader bucket is supported by cables froma trolley that noves back
and forth along the boom The unl oader nechani smincludes a hol ding hoist to raise,
| ower, and hold the bucket, a closing hoist that opens and cl oses the bucket, a trolley
wi nch that noves the trolley, and a tower drive (if the tower is of the novable type).

The tower structure supports a nachinery house that contains DC notor driven
hoi sting and trolley novenent equi pnent, notor generator sets, and electrical control
equi pnent. Coal is dropped into a receiving hopper fromwhich it is discharged to a
yard belt conveyor.

9.2 Coal Crushing. |If unsized coal such as run of nine is delivered to the plant,
a coal crusher must be provided to reduce the coal to wuniformlunp size suitable for
storage and firing or pulverizing.

In clinmates where frozen coal may be a problem a coal cracker for breaking
up frozen |lunps, should be provided on the conveyor system feeding plant bunkers or
si | os.

For additional infornation relative to coal crushing equipnent, see M L-
HDBK- 1003/ 6.

9.3 Coal Storage. Storage shall be as required in M L-HDBK-1003/6, under
paragraph titled "Fuel Handling," except that the outside storage reserve stockpile
shall be designed to store 90 days usage of coal at full plant capacity.

9.4 Coal Reclaimng. Coal reclaimng is usually done by neans of bull dozing the
coal fromthe reserve stockpile into a separate reclai mhopper which shall include a
feeder and a conveyor that transports the reclaimed coal onto an unl oading belt or
bucket el evator.

9.5 Plant Bunker or Silo Storage. In-plant bunkers and silos are used for storage
of coal for day-to-day operation of feeding the boiler coal burning system The anount
of coal for this storage should be equivalent to 96 hours of plant operation at full

| oad. Separate bunkers or silos should be provided for each boiler. For additional

i nformati on see M L-HDBK-1003/ 6.

9.6 Bunker or Silo Filling Systens. The bunker or silo filling systemwill

consi st of a bucket elevator or belt conveyor that is used to elevate the coal from

recl ai m hopper discharge to top of bunker/silo coal gallery. The coal gallery wll
contain a coal distribution systemconsisting of a belt tripper flight conveyor or
cascading belts. The bunker/silo fill system capacity shoul d be equivalent to tw ce the
maxi mum coal burn rate plus 15 percent. For description of system conponents and
requirements see M L-HDBK- 1003/ 6.

9.7 Coal Scales. Railroad track scales and truck scales are optional for use in
measuring the amount of coal received; however, if an unloading belt conveyor is used,
the use of belt type scales is nore econom cal than track or truck scales. Conveyor
belt type scales can also be used to neasure the anmpbunt of coal stockpiled or delivered
to the in-plant bunkers or silos.

9.8 Magnetic Separators. Magnetic separators shall be used in coal conveying
systems to separate tranp iron (including steel) fromthe coal. Basically, tw types
are available. One type incorporates pernmanent or el ectromagnets into the head pull ey
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of a belt conveyor. The tranmp iron clings to the belt as it goes around the pulley drum
and falls off into a collection hopper or trough after the point at which coal is

di scharged fromthe belt. The other type consists of permanent or el ectronagnets
incorporated into a belt conveyor that is suspended above a belt conveyor carrying coal
The tramp iron is pulled fromthe noving coal to the face of the separating conveyor
which in turn holds and carries the tranp iron to a collection hopper or trough

Magnetic separators shall be used just ahead of the coal crusher, if any, and/or just

prior to coal discharge to the in-plant bunker or silo fill system

9.9 Coal Sanpling. Coal sanpling is done when there is a need to deternine or
verify the analysis or content of sone constituent in the coal either on an as-received
or as-fired basis. Sanpling of coal may be done either manually or automatically. In
either case, the nmethod of sanpling nust provide a representative sanple of a relatively
| arge ambunt of coal without bias. |f noisture content determinations are to be nade,

the sanple nmust be collected in a container which can be i mediately seal ed foll ow ng
the sanple collection. The major conponents of automatic sanpling systens are as
foll ows:

a) In-line, spoon-type primary and secondary sanple cutters with
electric or hydraulic drive assenblies.

b) Motor-driven, rotary tertiary sanple cutters

c) Fl anged belt sanple feeders with rubber-1agged head pull eys and
vari abl e speed drives.

d) Sanple crushers with adjustable breaker plates or screen bars to
permt control of product size and conpensate for wear.
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e) Automatic rotary sanple collectors.
f) Means of returning sanple rejects to coal conveyor.
The nmethod of sanpling and coal sanpling system must conformto ASTM

D2234, Standard Methods for Collection of G oss Sanple of Coal and ASTM D2013, Standard
Met hod of Preparing Coal Sanples for Analysis.

129



M L- HDBK- 1003/ 7

Section 10. ASH HANDLI NG

10.1 Ash Handling Systems. See M L-HDBK-1003/6 Section 4, Paragraph titled "Ash
Handl i ng", for requirenents. Ash handling systens are required for renoval of bottom
ash and fly ash fromcoal fired boilers. Ash production rates can be determ ned using
the known ash content (from proximate or ultinmate analysis) and firing rates of the
coal. The typical distribution of ash from conbustion of coal is shown in Table 21

Table 21
Typical Distribution of Boiler Ash

+3333333333333333333333333333333331333333311331331133333133333133333133133133333133)) »

East ern West ern *
* Bi t um nous Sub- Bi t um nous *
* Per cent Per cent *
* St oker Coal Boiler: *
* Bot t om ash 35 35 *
* Fl'y ash 60 60 *
* Last pass or economi zer hoppers 5 5 *
* Pul veri zed Coal Boiler: *
* Bot t om ash 20 30 *
* Fl'y ash 75 65 *
* Last pass or economi zer hoppers 5 5 *

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-

Bottom ash is collected in the boiler bottomash hopper. For a stoker coa
fired boiler, bottomash also includes ash which falls through the grate into the
siftings hopper. Fly ash is collected in the boiler, |ast pass hoppers or hoppers bel ow
an econom zer, hoppers bel ow an air heater, nechanical dust collector hoppers,
el ectrostatic precipitator hoppers, or bag house filter hoppers. The renoval and
handl i ng of bottom ash and fly ash from collection hoppers is acconplished by the use of
one of several systens which are described as follows. Also see ash handling equi pnent
manuf acturers' reference nanuals for detailed descriptions of arrangenent, operation
and control of ash handling conmponents and systens.

10.1.1 Pneumatic. Pneumatic ash handling systens are available as a conpl ete vacuum
system conplete pressure systemor a conbination vacuum pressure system

10.1.1.1 Vacuum System Vacuum for conveying bottomash or fly ash is produced
hydraulically by the use of a water jet punp, thernally by the use of a steamjet punp,
or mechanically by the use of notor driven rotary exhausters. Air is adnmitted into the
end of the conveyor pipe and ash is admitted at internediate points through ash intake
fittings or automatic valves. The ash is then conveyed to a storage silo through
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primary and secondary cyclone type air and ash separators. Ash is dunped fromthe
separators into the storage silo through air lock type autonmatic gates. Air fromthe
secondary separator is passed through a bag filter for residual ash renoval prior to the
air being admtted to the vacuum produci ng exhausters.

10.1.1.2 Pressure System Conpressed air for conveying fly ash is produced by notor
driven positive displacement rotary blowers. An air lock tank type feeder is |located at
each fly ash hopper outlet or discharge. The feeder discharge is attached to the
conveyer pipeline. The feeder is closed to the conveyor pipe and opened to the ash
hopper during the feeder |oading cycle. Wen full, the feeder is closed to the ash
hopper, pressurized with conpressed air, and then opened to the conveyor pipe allow ng
the fly ash to discharge into the conveyor pipe air stream The air-entrained fly ash
is then conveyed by the pipeline and discharged into the storage silo. The silo air
vent shall have an exhaust fan which discharges the vented air to the boiler flue gas
dust collector, or a separate bag filter nay be used to clean the silo vented air. A
pressure system shoul d be used when the fly ash conveying distance is greater than can
be served by a vacuum system Pressurized conveyors can be used to convey fly ash
several thousand feet.

10.1.1.3 Vacuum Pressure System A conbination of vacuum and pressure conveying of fly
ash shoul d be considered where conveying di stances rule out the use of vacuum al one

This type of systempernits the use of vacuumto renmove fly ash from hoppers at a high
rate to a collecting point nearby where the fly ash is continuously transferred to a
pressurized conveyor for discharge at a renpte termnal point.

10.1.2 Hydraulic. Hydraulic ash renoval systens, using high pressure water as the
conveyi ng rmedi um for bottom ash, are used only for utility type boilers and will not be
considered for nost Navy installations. |In this system bottom ash hoppers are fitted
with ash di scharge gates each followed by a crusher which in turn discharges to a
centrifugal nmaterials handling punp or a hydraulic ejector utilizing high pressure water
as the motive force and ash conveying medium The ash is conveyed in a slurry

(approxi mately 20 percent ash by weight) to a disposal area or pond, or to dewatering
bins. Dewatering bins allow storage of bottomash up to several days. After the water
is drained fromone of the dewatering bins, ash is discharged into trucks, rail cars or
barges for final disposal

10.1.3 Dense Phase. In the dense phase system material is pushed through a pipeline
as a fluidized slug at higher ash to air ratios than conventional dilute phase
conveying. The dense phase systemrequires fine, dry, fluidizable material such as fly
ash. Coarse or danp material cannot be conveyed by this method. Because of the

associ ated history of line plugging and other nechanical difficulties, there have been
only a limted nunber of successful installations of dense phase systems in the United
States. Need for further devel opnental work is indicated and is ongoing. Carefu
investigation should be nade before considering the use of a dense phase system

10.2 Bott om Ash Hoppers

10.2.1 Stoker Firing. The bottom ash hopper should be sized to provide not |ess than
8 hours, preferably 12 hours of storage at the naxi mum bottom ash production rate. For
bul k density of bottom ash, use 45 Ib/ft® for eastern bituminous coal and 35 I bs/ft? for
western sub-bitum nous coal. Sizing of the bottom ash hopper volume should al so
consider that the bottomash will contain unburned coal in the ambunt of 5 to 12 percent
of the bottom ash. Design structural |oads shall be based on 70 pounds per cubic foot.
Di scharge gates shall be air-cylinder operated with internedi ate positioning capability.

10.2.2 Pul verized Coal Firing. For a water inpounded bottom ash hopper, the hopper
vol ume shoul d be sized to provide 8 hours of storage at the maxi num production rate, or
12 hours of storage based on the maxi mum expected ambunt of ash to be produced for any
12-hour period. The bulk densities of bottomash as given above under stoker coa
firing nmay be used al so for pulverized coal firing

10.3 dinker Crushers

131



M L- HDBK- 1003/ 7

10.3.1 Stoker Coal Firing. On bottom ash handling systems, motor driven clinker
crushers shall be installed bel ow the hopper outlets and above the pneumatic ash
i nt akes.

10.3.2 Pul veri zed Coal Firing. For pulverized coal firing, each bottom ash hopper

di scharge gate is provided with a clinker crusher. |In order to avoid clinker crusher

pl uggi ng probl ens, pulverizer pyrites rejects should be discharged to a separate hol di ng
tank and not to the bottom ash hopper.

10.4 Ash Storage. Silos are used for storage of pneumatically conveyed bottom ash
and fly ash. The use of silos facilitates the disposal of ash by truck or rail cars.

M nimum sil o storage capacity should be 72 hours based on maxi num ash production rate.

Mot or driven rotary dustless unloaders (conditioners) shall be used to unload the silo
into trucks or railroad cars. For additional requirenents, see M L-HDBK-1003/ 6.
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Section 11. CONTROL AND | NSTRUMENTATI ON

11.1 Types of Controls and Control Systems. There are basically three types of
industrial instrumentation systens for power plant control: analog, mcroprocessor, and
conput er .

11.1.1 Anal og. Analog control is the representation of nunerical quantities by neans

of physical variables such as current, air pressure, voltage, rotation, resistance,
el ectromagnetic field (EMF), etc. Analog control over the last 30 years has consisted
primarily of two types:

a) Pneumatic - the use of air pressure (or other gases occasionally)
as the power source to represent nunerical val ues.

b) Electronic - the use of current, voltage, resistance, EMF etc. as
the power source to represent nunerical val ues.

11.1.2 M croprocessor-Based Control Stations. These are a digital stand alone single
controller type, or a split-architecture control systemoffering powerful, configurable
control capability on a nmodul ar basis. These units can accept standard anal og
electronic inputs plus digital inputs and give anal og outputs plus digital outputs. By
connection to a data hi ghway for communication, other operator interfaces are easily
added.

11.1.3 Conputer - Direct Digital Control (DDC) or Supervisory Control (SC. DDC
control can performall of the control functions, operator displays and graphics,
reports and cal cul ations for efficiency and controller tuning, or a conputer can be used
as a supervisory control for anal og control system mcroprocessor based control units,
or as a data logger with graphic displays. Choice of anal og versus m croprocessor based
control units or conputer (DDC) (SC) should be based on relative cost and future
requirements. Consideration should be given to the ability to readily interface to or
add to a utilities energy nmanagenent system or other conputer networks.

11.1. 4 Pneunmatic Control Systens. Pneunmatic control systens should only be
consi dered when adding to an existing power plant already equipped with pneunatic
control instruments.

11.1.5 Types of Control Systens Avail able.

a) On-off controls.
b) Single point positioning system
c) Parallel positioning system

d) Parallel metering system
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e) Parallel netering systemw th oxygen trim COtrimw coal.

f) Steamflowair flow metering system Boilers should have oxygen
trimin order to optimize fuel usage. CO trimshould be considered for |arger boiler
installations as an adjunct to oxygen trimfor increased efficiency, especially for coal
firing.

11.1.6 Mai nt enance and Calibration. Miintenance and calibration is a necessity
regardl ess of the type of control equipnent being used. Pneunatic instrumentation will
require nore mai ntenance because of its usage of air that contains dirt, noisture, oil,
and other contam nants than its electronic counterparts. Al so, pneunatic

instrumentation will require nore frequent calibration checks because of its inherent
mechani cal |inkage design versus solid state electronic units.
11.2 St eam Power Plant Controls. Steam power plant controls are shown in M L-HDBK-

1003/ 6, Section 6 and Table 13.

11.2.1 Conbustion Control. Conbustion control conprises a series of devices on a

boi | er devel oped to satisfy steam demands autonatically and econom cally by controlling
furnace conmbustion rates through adjustments of the burning conponents whil e maintaining
a constant set point (such as a fixed but adjustable pressure or tenperature) and an
opti num (adjustable) ratio of fuel to air.

a) For the netering type (proportioning plus reset plus rate action),
see Figure 37.

b) Conmbustion safeguard. See Mlitary Specification M L-B-18796,
Burner, Single, Ol, Gs, And Gas/ Q| Conbination, and M L-B-18797, Burners, Q|
Mechani cal -Draft, Automatic.

c) Refer to the ASME Boil er and Pressure Vessel Code Section VII
subsection C6 for mnimumbasic instrunents required for proper, safe, efficient
operati on.

d) Refer to Tables 13 and 15 in M L-HDBK-1003/6, Section 6.
e) See Tables 22, 23, and 24 for typical lists of instrunents.
11.2.2 St eam Tenperature Control. Steamtenperature control shall be as listed in
M L- HDBK- 1003/ 6, Section 6, Table 13. Critical tenperatures should be recorded and al so

alarned. An automatic fuel-trip device is required for steamtenperature out of nornal
range. See Table 23 for tenperature sensing devices.

11.2.3 Feedwat er Control. Feedwater control shall be as listed in ML-
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Figure 37

Typical Combustion Control System
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TABLE 22
List of Instrunents on Control Panels

%323332333313313333133333333333313311313331313331333131333133313133313331313331311)1))
Sensing El enent Location of Sensing
El emrent I ndi cator Recorder Totalizer

Pressure St eam boi |l er drum A
Super heat ed steam out | et
Mai n st eam header
Feedwat er header
Fuel oil header
Gas fuel header
St eam at Tur bi ne
(extraction or condensing)
Steam at turbine first
st age
Steam at turbine No. 1
extraction
Steam at turbine No. 2
extraction
Steam at turbine No. 3
extraction
St eam at turbi ne exhaust
Instrunment air
House service air
House service water
Auxi liary steam

A
A

Draft Forced draft fan di scharge
Bur ner or stoker wi ndbox
Furnace draft
Boi | er gas outl et
Air heater or econoni zer
gas outl et
Dust collector outlet,
or I.D. fan inlet
Air heater air discharge
Fl yash return fan

>>»> > >»>»>r>r >>2>>xr>r > > > > >>>

Tenperature Super heat ed st eam
Boi |l er outlet gas
Air heater or econom zer
outlet gas A
Air heater outlet air A
Econom zer water outl et A
Feedwat er header A

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-
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Tabl e 22

List of Instrunents on Control

Panel s (cont.)

+32332333313313333333331333313313313333313331331333133333133133313313331331331333133133)) »

LI I N I R N B I I I N N N R N N R N N R N I N N N R

Sensi ng El enent

Temperature
Cont .

Vacuum f | ow

Level

Fl ame safeguard

Cont r ol
i nstrunents

Hand Aut omatic
sel ect or
stations

with indicators
for remote or
automatic
operati on.

Conductivity

Location of Sensing
El enent

Steamto extraction
tur bi ne

Absol ute pressure at
t ur bi ne exhaust

St eam

Ar

Feedwat er

CO, (alternate to
air flow)

Fuel QG

Gas fuel

Coal wei ght
Steamto extraction
tur bi ne

Extraction steam from
extraction turbine

Boi l er drum

| ndi cat or

Coal bunker - pilot lights

Fuel oil tank

Deaer at or storage section

Saf eguard panel

Conbustion control

Conbustion control:
Fuel control
Forced draft danper
I nduced draft danper
Feedwat er control

Condenser Hotwel s
Sampl e cool ers

>

> >>>

>>>>

Recor der

A

> m oO>»

Total i zer

> > >»>r>

R EEEEE R N I I I N N I
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Tabl e 22
List of Instrunents on Control Panels (cont.)

+32332333313313333333331333313313313333313331331333133333133133313313331331331333133133)) »

* Sensing El ement Location of Sensing *
* El enent I ndi cator Recorder Totalizer *
> Al arms Annunci at or A *
* 0 St ack Percent A *
* CO Stack Percent (coal) A *
-23333333333333333333333333333333313133313313133331331333133313133313331313II131)I))))-
A = necessary

B = desirabl e but not necessary

C = necessary in sone instances but not in others

D = necessary but not necessarily on | ocated pane

E = alternate to sone ot her instrunent

Tabl e 23
Sensing El enents for Controls and |nstrunents

+3333333333333333333331333331333313333133313131313133131313313133313133313133113313131311111))»
* Common Applications

El enent Type Cont r ol | nst runent
Fl ow Mechani cal Bat ch Filling containers Wighing containers
Total i zi ng Total i zi ng positive

di spl acenent wat er
and gas neters

Vari abl e Conti nuous Proportioning Oifice, flow
differential and | arge flows nozzl e, and Ventur
pressure totalizing nozzl e neters
with constant V- sl ot

area

Vari abl e Combustion Control val ves Air and gas flow
differential

pressure

with constant

area

Const ant Taper ed Proportioning Rot anet er
differential tube and smal | fl ows

pressure with float
variabl e area

Foob % R ok bk ok b X R X b % % b X % X
Foob % b ok b ok X R kX k% % b X ¢ X %

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-
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Tabl e 23

Sensing El enents for Controls and Instrunents (cont.)

23133133333133331333331331331)),

Conmon Appl i cati ons *

* El ement Type Cont r ol | nst runent *
* Vari abl e Pitot tube Arflow Airflow *
* differential Velocity *
* with variable Electric Pot ent i onet er *
* velocity resi stance *
* anenonet er of hot wire *
* affected by *
* Vel ocity of *
* fl ow *
* Vort ex-|inear Batch, Filling containers, Vortex flowreter *
* vol unetric continuous proportional flow, 16 to 1 turndown, *
* flow and control valves, air *
* totalizing flow, liquid flow, *
* steam fl ow *
*Tenpera- Solid Bi et al On-of f thernostats Dial thernoneter *
*ture expansi on 100 to 1000 deg. F =
Fl ui d Mer cury G ass thernoneter *

expansi on or al cohol 38 to 750 deg. F *

Mercury in Tenperature Di al thernoneter *

coi | regul ators 38 to 1000 deg. F *

Organi ¢ 125 to 500 deg. F =*

l'iquid *

Organi ¢ 40 to 600 deg. F =

vapor liquid *

Gas 400 to 1000 deg. F=*

Foob % b ok b ok R X R b X b % % b X X %

Gas expansi on

Ther nocoupl es

Ni trogen gas Tenperature
regul ators

Copper - Tenperature
const ant an regul ators
I ron-

const ant an

Chr onel -

al unel

Pl ati num

Pl ati num

r hodi um

Recorders, and
transmtters
350 to 1400 deg. F
Low vol t age
300 to 600 deg. F
0 to 1400 deg. F

b X ok % X %

600 to 2100 deg. F*

*

1300 to 3000 deg. F*

*

*
*
*
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Tabl e 23

Sensing El enents for Controls and Instrunents (cont.)

+33333333333333333333313333313333133313131313131313133131313313133313133313133113313131311111)) »
* Common Applications

* El ement Type Cont r ol | nst runent

* Tenper- El ec resistance Copper Tenperature Pot ent i onet er

* ature of netals regul ators 40 to 250 deg. F

* N ckel 300 to 600 deg. F
* Pl ati num 300 to 1800 deg. F
* Opt i cal Conpar ative 850 to 5200 deg. F
* pyromnet er rad energy

* Radi ati on Radi ant Fl ame safeguard Pot ent i onet er

* pyr onet er energy on Surf. tenp. 200 to 7000 deg. F
* t her no- regul ation

* coupl es

* Fusi on Pyronetric Cones

* 1600 to 3600 deg. F
* Crayons

* 100 to 800 deg. F
* Pressure Mechani cal Bour don Pressure, draft Pressure gauge

* t ube and vacuum

* Bel | ows or vacuumregul ators Low pressure, draft
* di aphr agm and vacuum gauges
> Manonet er s Bar onet er

* Vari abl e Pressure Process pressure Pot ent i onet er

* electric transducer regul at or 100 - 50,000 p.s.i
* resi stance due

* to strain

* Vari abl e Ther mo- Vacuum r egul at or H gh vacuum

* electric coupl e 1-700 microns Hg.
* resi stance due

* to vacuum

* Vari abl e Vacuum Vacuum r egul at or H gh vacuum

* el ectronic t ube down to

* resi stance to 0.1 micron Hg.

* vacuum

* Vari abl e Capaci - Pressure I ndi cators and

* capaci tance tance regul ators recorders - 1" HO
* to 1,200 psig

* Vari abl e Frequency Pressure I ndi cators and

* frequency transducer regul ators recorders - 1" HO
* to 1,200 psig

* Level Vi sual Gauge stick

Transparent tube

RN EEEEEEE R E EEEEE R
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Tabl e 23
Sensing El enents for Controls and Instrunents (cont.)

+33333133333333331333331333331331333133))))

5333533333333333333333333333333333330)))
Common Applications

* El ement Type Cont r ol | nst runent

* Level Fl oat Buoyant Mechani cal | evel Tape connected to
* fl oat regul at or fl oat

* Di spl ace- Pneumatic |evel Tor que

* nent regul at or

* Differential Manoret er Level regul ator Renove | evel gauge
* pressure

* Hydrostatic Di aphragm Level regul ator Tank levels with
* in tank vi scous fluids

* bot t om

* Mbdtion Centri fugal Speed governs Tachonet er

* Vi brating read Tachonet er

* Rel ative nmotion St roboscope

* Phot o-el ectric Limt control Count er

* cel |

* Chemi cal Flue gas anal ysis Combustion control O sat

* Water anal ysis Wat er Treat nent Wat er constituents
* Fuel analysis Utimate anal ysis
* of fuels

* Physical Specific gravity Hydroneter for

* I'i quids

* Wi ght Scal es for

* solids

* Hum dity Hygr onet er

* Snmoke density Ri ngel man chart

* Gas density Combust i on CO, neter

* Heat Conbi nati on Conbustion Btu neter

* of water

* fl ow and

* tenp. diff.

* El ectric Photo- Fl ame saf eguard Phot o-el ectric cel
> and conductivity Snoke density

* electro- Elec Pr obes Al arm pH of water

* nic conductivity Ol in condensate

RN EEE R E R E N EEEE,
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Tabl e 24
Local | y Mounted | nstrumentation

+3233333113333333333333333333333333333331333133133313333313313331331331331331331133133))

Sensi ng *
El enent Location of Sensing El enent Indicator Recorder Totalizer*
Pressure Boi | er drum

gauges Boi |l er outlet steam

Tur bi ne steam i nl et
Extraction steamoutlets
Feedwat er heater steaminl et
Deaer ator steaminl et
Condenser hot wel |
Condenser punps di scharge
Boi | er feed punps suction
Boi | er feed punps di scharge
Deaer at or condensate inlet
Feedwat er heater condensate inlets
Feedwat er heat er condensate outl et
Cool i ng wat er punp di scharge
Condenser cooling water inlet
Condenser cool ing water outl et
Pressure reducing val ves-1 ow
pressure side
Air conpressor discharge
Conpressed air receiver

Thernmoneters Boil er steamoutl et
Tur bi ne steam i nl et
Feedwat er heater steaminlets
Tur bi ne Exhaust
Condenser condensate outl et
Deaer at or condensat e outl et
Feedwat er heater condensate inlets
Feedwat er heat er condensate outl et
Boi l er flue gas outlet
Econom zer feedwater inlet
Econom zer feedwater outl et
Condenser cooling water inlet
Condenser cooling water outl et
Cool i ng tower basin water

Level Boi | er drum
Deaer at or
Condenser hot wel |
Condensate Storage/return tank
Fuel oil tanks

A?)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))_
= necessary

Foob % b bk b b b X b b X bk b X R R X R b b kb X R kX b % b X k¢ X %
LN S I I N N 2 B N B N I I I NN R B I R N N N N N R N N N
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HDBK- 1003/ 6 Section 6, Table 13. For small packaged boilers and boilers with constant

|l oads a single or two el enent feedwater control systemwi |l suffice. Larger boilers and
boilers with widely fluctuating | oads should use a three el enent type. An automatic
fuel trip device is required for | ow drumwater |evel.

11.2. 4 St eam Turbi ne Generator Control. Steamturbine controls should be supplied by
the turbine manufacturer. Wth the rapid advancenent of electronics, an el ectro-
hydraulic control (EHC) systemis desirable over an all nechanical system The EHC
systemis nore versatile and faster respondi ng, which gives inprovenent in control
reliability and accuracy which is manifested in inproved turbine performance. See
Figure 38 for a typical

EHC system The Mechani cal Hydraulic Control System (MHC) has not been used since the
late 1970's. Many are still in use but they are for

the nobst part not a currently manufactured unit. Autonmatic startup and shutdown is
easily done with mcroprocessor based control equipnment. A standard EHC systemis
conprised of four primary functions:

a) Speed control
b) Load control
c) Flow control
d Trip

11.3 Safety Devices and Interlocks. Safety devices such as boiler shutdown

devi ces, startup and shutdown interlocks, and alarnms should be installed as recomended
by the equi pnent manufacturer. See Table 14 in M L-HDBK-1003/6 Section 6 for selection
factors and reasons for use. Coal, oil, and gas fired boilers can have different

shut down safety trips. Check boiler nanufacturer's recomrendati ons and ASME Boil er and
Pressure Vessels Code Section VII for standard trip conditions.

Safety controls for boilers are needed for protection agai nst expl osions and
inmplosions. Criteria for protection against boiler explosions have been well
established. Protection against boiler inplosions is not so well understood. For a
boil er, inplosion would be the result of a negative pressure excursion of sufficient
magni tude to cause structural danmge. Boiler inplosions are caused by one of two basic
mechani sns: (1) The induced draft fan of a bal anced draft boiler is capable of providing
nmore suction head than the boiler structure is capable of w thstanding and (2) the so-
called flanme collapse or flanmeout effect.

I mpl osi on concerns have resulted in nany new control - system devel opnents.
Each steam generator nanufacturer has recommendations and the National Fire Protection
Associ ation has issued NFPA 85-G on the subject. For a detailed discussion of boiler
i npl osi ons, see al so Conbustion Engineering, |nc, 1981.
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11. 4 Control Loops. A single control loop includes a controlled variable sensor,
controlled variable transmtter, the controller, automatic-nmanual control station, and
final control element including positioner, if any. Control |oops used for power plants
are usually of the pressure, tenperature, or liquid |level type.

11. 4.1 Pressure. Pressure control |oops nay be used for control of boiler pressure,
deaerator pressure, auxiliary steam pressure, building heating steam pressure, and fuel
oil pressure. For control of boiler pressure the final control elenent regul ates fuel
flowto the boiler in response to boiler drum steam pressure. For other pressure
applications the final control elenent is usually a pressure reducing control valve

whi ch regul ates in response to downstream pressure. A typical pressure control loop is
shown in Figure 39a.

11.4.2 Tenperature. Tenperature control |oops may be used for control of steam
tenperature fromboilers or desuperheaters and fuel oil tenperature fromfuel oil
heaters. A typical tenperature control loop is shown in Figure 39b.

11.4.3 Level . Liquid level control |oops nay be used for control of boiler drum

wat er | evel, condenser hotwell water level, feedwater heater drain cooler water |evel,
and deaerator storage tank water level. A typical liquid level control loop is shown in
Fi gure 39c.

11.5 Flow nmeters. Flow neters, particularly differential pressure type, have

remai ned unchanged over the past decade. There have been several new types of flow
meters added to the fl ow neasurenent arena. The new neters such as vortex, ultrasonic,
and Doppl er have added inmproved accuracy, linear signals, and rangeability as high as
16:1. Wth the inprovenments in electronic transnitters over the past decade there has
been an inprovenent in their overall specifications. However, the differential pressure
type flow neters have renmi ned the sane; accuracy 2-3 percent and rangeability of 4:1
maxi mum  Cost of electronic transnmitters are now | ower than pneumatic counterparts and
shoul d be used except for all pneumatic systens. For types of flow neters see Table 25;
for applications see Table 23; and for a listing of required fl ow neasurenents for steam
power plants, refer to M L-HDBK-1003/6.

11.6 Pressure Gauges. Pressure gauges are usually direct-connected and fi el d-
mounted. Size and ranges are specified by user. Local-munted gauges give a "backup"
reading and al so help operators in deternmining if equipnent or pressure systens are
wor ki ng satisfactorily. Accuracy is normally 0.5 to 1 percent of span. For test and
calibration purposes use 0.25 to 0.5 percent gauges. Refer to M L-HDBK-1003/6 for
required pressure neasurenents and instrunent selector factors.
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11.7 Tenperature Sensors. The basic types of tenperature sensors are thernoneters,
t hermocoupl es, and resi stance tenperature detectors.

11.7.1 Thernoneters. Thernmoneters are |ocated on equi pment and piping to provide
l ocal tenperature indication.

11.7.2 Ther nocoupl es. Thernocoupl es provide a reliable and accurate

t enperature nmeasurement for nobst renote tenperature sensing applications. Thernocouples
can be used with pneumatic and electronic transmitters or they can be direct connected
to some instruments. Thernocoupl es are non-linear.

11.7.3 Resi stance Tenperature Detector. Resistance tenperature detectors offer a

t enperature range about the sane as a copper-constantan thernocouple with detection of

t enperature changes of 0.03 degrees F (0.02 C). The resistance detector does not have a
reference junction, as a thernocouple, since it operates on the neasured change in the
resi stance of a nmetal or sem conductor (therm stor) with tenperature. Platinum because
of its inherent stability and linearity is beconing the standard of the industry with
sone copper and nickel still being used. Copper is quite linear but nickel is quite
nonlinear. Resistance detectors can be used with pneunatic and electronic transmtters
or can also be direct-connected to sone instruments. See Table 23 for ranges and use.

11.8 Transmitters. Transmitters are primarily used to transmt an anal og out put
(pneunmatic or electronic) proportional to its neasured signal. The Anerican Petrol eum
Institute Recommended Practice 550 suggests for general service applications that the
pneunatic tubing length fromtransmtter to controller to control valve not exceed 400
feet. Neither run should exceed 250 feet. Standard output signal for pneumatic
transmtter is 3-15 psi with a 20 psi air supply and 4-20 mA DC for el ectronic
transmtters with a nomnal 30 VDC power supply. There are options for other output

si gnal s dependi ng upon the manufacture.

Recent el ectroni c enhancenments have nade npbst el ectronic transnitters nuch
nore accurate, reliable, and smaller in size, weight, and | ess expensive than its
pneunatic counterpart. Electronic signals are easier to adapt to mcroprocessor and
comput er based systens and shoul d therefore be given prime consideration over
pneunati cs.

Materials of construction is of prine inmportance when selecting a
transmtter. Many options are avail able and shoul d be sel ected on the basis of need or
life expectancy and cost. Mst transmitters are field-nmounted near point of
measurement. Mdst electronic transmtters are the two wire type. Sensing line |engths
I onger than 50 feet are not usually recommended and shoul d be used only when absol utely
necessary. \Were transmssion line |length (pneunatic) poses a problemin a flow | oop,
use a vol unme booster, or nmount the controller near the val ve.
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11.9 Recorders. Recorders are primarily used to record data to provide a permanent
record of present and past conditions. Selection of recording signals should be based
on the follow ng:

a) Federal and state requirenents.

b) Equi prent manuf acturer recomrendati ons.
c) Accounting purposes.

d) Safety requirenents.

e) Qperator requirenents.

Recorders are available in different sizes, shapes, (roll, fold, circular)
and nunber of recording points. The selection of types should be based on suitability
to needs and, in particular, the nunber of points being recorded. Trend recording is
beconing nore popular since it allows the selection of a |large nunber of inputs to be
recorded and for tine periods as desired by the operator. Trend recording also allows
for recording of critical points during startup. Mst panel-nounted recorders are the
4-inch strip chart type because of space requirements. Most field-nounted recorders are
the 12-inch circular |arge case type because they usually neet NEMA Type 3 or better
protection, see NEMA, Standard Publication/No. 250, Enclosures for Electrical Equipnent
(1000 volts Maximum). See Table 22 for selection of signals to be recorded. Recorders
are normally supplied with 115 V, 60 cycle, or 24 VDC for the chart drives, some can be
supplied with a pneumatic inpul se or nechanical chart drives

11.10 Controllers. Controllers can be used in either closed | oop (feedback) or open
|l oop control configurations. |In a closed |oop control configuration, a nmeasurenent is
made of the variable to be controlled, and is conpared to a reference or set point. |If

a difference or offset exists between the measured variable and set point, the automatic
controller will change its output in the direction necessary for corrective action to
take place. See Figure 40a.

Open loop control sinply does not have a neasurenent sensor to provide an
input to the controller for a conparison. See Figure 40b. Open |oop control can al so
occur when an autonatic controller is placed in its manual position; saturation of the
controller output at zero or 100 percent of scale; or failure of the final operator
when it can no | onger be changed by its input signal

Feed-forward control is relatively new and in npost cases it is also used in
closed |l oop control configurations. Wile feedback control is reactive in nature and
responds to the effect of an upset which causes an of fset between the neasured variabl e
and set point of the controller, feed forward schenes respond directly to upsets and
thus, offer inproved control. See Figure 40c. There are also several types of contro
uni ts avail abl e such as:

a) Ratio control
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b) Cascade control
c) Auto-selector control
d) Nonlinear control

These units can be anal og type and either electronic or pneunatic; however,
addi tional pieces of instrunentation may be required to actually do the above types of
control. Wth the new m croprocessor-based control stations they can perform nost of
the types of control listed above w thout additional devices and still provide 18 or so
control algorithms. For standard controller action see Figure 41. For a controller to
operate correctly, the controller nust be properly tuned. Each controller nust be tuned
for its control |oop--seldomare two alike. This can be time consumng, but it is
necessary to have correct controller response to process changes. Sone new
m croprocessor controllers have "Self Tuning" capability. This is a najor addition for
exact tuning of the control paraneters to match the process dynam cs.

The new mi croprocessor-based controllers should be given first consideration
as they are less expensive, state of the art, and can performnany nore functions than a
standard anal og controller w thout additional pieces of equipnent. These new units
shoul d al so be considered for retrofit work as they can easily replace old electronic
and pneumatic anal og controllers and other devices. Sone of the new m croprocessor-
based controllers are configured frompush buttons |ocated on the controller face plate.
Special calibrators or mni-conputers are not required to configure these stand al one
controllers.

11.11 QOperators. Qperators are used to drive (nmove) final control elenents such as
control valves and danpers fromone position to another. The general types of operators
are pneumatic di aphragm or piston, electric, and el ectro-hydraulic.

11.11.1 Pneumatic Operators. Pneunatic operators including I/P converters are the

| east expensive when conpared to electric or electric-hydraulic types. Operators (final
control elenents) for major control |oops should be pneumatic unless normally furnished
ot herwi se on equi pnent as standard by a nmanufacturer.

11.11.2 Electric Operators. Electric operators are used prevalently in heating,
ventilating, and air conditioning systens.
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11.11.3 Electro-Hydraulic Operators. Electro-hydraulic operators are used for high
force or torque applications and in rempte | ocati ons where | ack of conpressed air supply
rul es out the use of pneunmtic operators.

11.12 Positioners. Positioners are used on control valves to force the stem and
valve plug to nove to a position as called for by the control signal. Positioners are
used primarily to overconme valve stemfriction, to conpensate for |ong pneunatic
transm ssion lines, or when extreme or variable |line pressure can offset the val ve plug.
Every control valve exhibits from2 to 10 percent hysteresis unless it is equipped with
a positioner. The effect of valve position hysteresis is indicated in Figure 42.

A positioner should be used for liquid |level, volune (as in blending), and
wei ght (as in blending) whenever a two nmode controller (proportional plus integral) is
used. For tenperature control, a positioner will be hel pful but not essential. As a
general rule, use a positioner on control systens that have a relatively slow response
such as liquid level, blending, and tenperature control |oops. Do not use a positioner
on control systenms which have a relatively fast response such as |liquid pressure, nost
flow, and some pressure control |oops.

11.13 Control Room The control room should be |ocated in the boiler turbine area
where visual inspection can still be nade, but conpletely enclosed and air conditioned
with high efficiency filtration. Instruments should be nounted on a panel within the

control room A positive pressure should be maintained within the control roomto keep
dust and other dirt particles fromentering. The control room nust have:

a) dean dry atnosphere.

b) Relatively constant tenperature and hum dity.

c) No vibration.

d) Adequate light.

e) Reliable electric power, free of surges in voltage and frequency.

f) Cdean, dry air of adequate pressure and capacity (for pneumatic
instrunents).

g) Air conditioning (a necessity for electronic distributive control
systens and conputers).

See Tables 22 and 23 for typical lists of analog instrunents.

Wth the new m croprocessor-based control systens, the operator
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STEM
POSITION

MOTGR PRESSURE

H = HYSTERESIS CAUSED 8Y FRICTION IN A WALVE

Figure 42
Hysteresis Caused by friction in a Valve
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interface can be a color or black and white cathode ray tube (CRT) monitor, thus
elimnating the need for panels. The operator can control the boiler plant froma
single CRT with redundant CRTs |ocated el sewhere if desirable.

Field inputs and outputs should be done through the floor or ceiling of the
control room Al field neasurenents should cone into one central control room
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Section 12. WATER SUPPLY, MAKEUP, AND TREATMENT

12.1 Water Supply. Raw water is required for supply to water treatnment equi pnent
for boiler-turbine cycle water fill and nmakeup, water treatnent equi pment backwash,

pl ant service water, donmestic (potable) water, ash conditioning, cooling tower system
fill and nmakeup, and fire protection. Consider the use of a raw water storage tank if
necessary to back up any uncertainties in water supply or for fire fighting. Provide
in-plant overhead tank or outdoor elevated tank for pressurization of distribution
system or consider the use of a pneunatic ground floor |evel pressurized system For
addi tional information see M L-HDBK-1003/6, M L-HDBK-1005/7, Water Supply

Syst ens.

12.2 Wat er Makeup

12. 2.1 Cycle Makeup. Boiler-turbine cycle water makeup is a requirenment and

conti nuous denmand when the boiler-turbine cycle is in operation. Nornal operation of
the power plant will usually require an actual condensate makeup rate to the cycle of
about 0.5 percent plus the nakeup required for steam atom zation of oil burners, steam
operated soot bl owers, and condensate |losses in a process or facility heating system
which is supplied with steamfromthe boiler-turbine cycle. The design of the nakeup
system shoul d be based on a denand of 1.5 percent of the main steamflow to the turbine
to provide for condensate | osses fromthe cycle, plus steamusage for oil atom zation
and steam soot bl owers, plus process or heating system steam and condensate | osses. For
addi tional information, see M L-HDBK-1003/6.

12.2.2 Cool i ng Tower Makeup. Makeup water to a cooling tower cooling water systemis
required to replace | osses fromevaporation, drift, and blowdown. Drift loss froma
mechani cal draft tower will range froma mnimumof 0.03 percent to a maxi numof 0.2

percent of the cooling water flowrate. The blowdown rate will depend on the nunber of
concentrations of total dissolved solids to be naintained in the cooling water. The
rel ati onshi ps of these variables are as foll ows:

EQUATI ON:
Drift + Bl owdown = Evaporation / (No. of Concentrations -1) (12)
EQUATI ON:
Makeup = Evaporation + Drift + Bl owdown (13)
For additional infornmation relative to cooling towers, see para 12.7.
12.3 Water Treatnent. Water treatnent equipment will be required to provide cycle
water fill and nakeup of suitable quality. The final quality will depend on the
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operating pressure of the boiler. Wter treatnent of raw water may al so be required in
conjunction with cycle water makeup treatnent and/or to provide potable water for
domestic use, all depending on the quality of the raw water supply. Were a

dem neralizer is used for cycle water makeup, it shall be sized as foll ows:

EQUATI ON:
Gallons/day = (0.015 x F x 24 x 60 + SA + SB + P) / 500 (14)

wher e:

Maxi mum boil er steamflow, |b/h

At om zi ng steamrequirenents, gal/day

Soot bl ower steamrequirenents, gal/day

F
SA
SB

P = Process or heating steam and condensate | osses, gal/day

The dem neralizer should be sized to produce the amount of water as
det erm ned by Equation 14 by operating the demi neralizer 18 hours per day, |eaving 6
hours per day for denineralizer regeneration. The sizing should also be such that it
shoul d not be necessary to regenerate the denineralizer nore than once per day. For
addi tional information see M L-HDBK-1003/ 6.

12. 4 Cooling Water Systens

12. 4.1 Once- Through System Once-through systems have an intake structure including
screens, cooling water punps to provide for water static and dynanmic head | osses, a
condenser, conduits to carry the water, and a discharge or outfall structure |ocated so
that significant recirculation of warmwater will not occur.

12.4.2 Recircul ating System

12.4.2.1 Evaporative Wt Cooling. This systemutilizes cooling towers (natural or
mechani cal draft) or basins.

12.4.2.2 Non-evaporative Dry Cooling. Cooling water is punped through a closed circuit
passi ng through the condenser where heat is absorbed, then through a water-to-air heat
exchanger, and finally back to the cooling water punps for recycling.

12.4.2.3 Conbination Wt and Dry Cooling. This systemuses a conbination of wet and
dry systens as described above. The cooling tower conbines a water to air heat
exchanger section with an evaporative type cooling section. The advantages of the
wet/dry tower as conpared to the wet tower are | ower water consunption and reduced water
vapor (plume) discharge.
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12.5 Intake Structures. The intake structure, usually nade of concrete, shall
contain stationary and nmechanical traveling screens that are used to renmove debris from
the cooling water before entering the punps.

12.5.1 Location. Locate the intake structure as close to the water source as
possible in order to limt the hydraulic | osses to the punp suction and to eliminate the
possibility of a sand silt buildup in the wells of the structure. Connect the structure
with the power plant through suitable pipes or reinforced concrete flunes or tunnels.
The intake structure shall be provided with access roads and power wiring.

12.5.2 Arrangenent. Provide at |least two parallel sets of wells in the structure to
permit alternate operation when one set is being cleaned. Each set shall contain an
entry well, with a trash rack in front and a sluice gate (or stop logs) at its outlet; a
screen well, with a traveling water screen; and a crossover well with sluice gates to
permit closing off the screen well and directing the water flow fromeither set of wells
to a selected punp flume or punp well.

The punp chanmber nay be combined with the intake structure when the power
pl ant is sone distance away or they may be separated by flume or pipe when they are
close by and the punps are installed near the condensers. |In the conbination intake
structure and punp chanber, vertical centrifugal punps are usually installed above a wet
wel |, whereas horizontal centrifugal punps nay be installed in a dry well bel ow | ow
water level. A deternination of extreme |ow and high water |evels of the water source
must be made.

12.5.3 Trash Racks. Inlet ports to the entry wells should be covered with trash
racks as a rough screen for such itenms as |ogs, sticks, |eaves, and ice. They should be
desi gned to pass maxi mumvelocities of 2 feet per second at extrene | ow water |evels and
arranged for manual raking fromthe outside.

12.5.4 Traveling Water Screen

a) Use screen approach water velocities of 0.5 to 0.75 feet per second to
avoi d entrapnent of fish.

b) The maxi numwater velocity through the net screen area when passing the
circulating pump capacity should not exceed 2.5 feet per second at extrene | ow water
level. The net screen area is one-half of the waterway area, after deducting for the
screen frane and boot interference. Mnufacturers will guarantee a maxi mum 2 feet head
| oss under the above conditions.

c) One or two speed drives are available, the higher speed for intermttent

operation when debris is light and the | ower speed for continuous operation when the
debris is heavy.
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d) Select screen size and naterial to suit water conditions. Provide a
trash trench, backwash punp and dewatering bin for cleaning the screens. Trash cannot
be punped back into water, but is disposed of either by incineration or in a landfill.

e) The flow area below the extrene | ow water |evel and the extrene high
wat er | evel determ nes the height of the traveling screen.

f) In the extrene case of large quantities of water plants and al gae, it
may be necessary to back up the traveling screen with a fine stationary screen that can
be lifted out for cleaning.

12.5.5 Punps. Each condenser circul ating punp should be sized to serve half of a
condenser plus the water quantity required for turbine lubricating oil coolers,
generator air coolers, and closed cooling water system Oversizing these punps wll
result in wasted power and in premature wear from operating continuously at punping
heads | ess than the design point. Punp materials should be suitable for the water
condi tions.

12.5.5.1 Vertical punps. Use vertical punps for large differences in extrene high and
|l ow water |evels and obtain manufacturers' recommendations on installation. Design the
suction chanber in accordance with Figures 43 through 46, because these punps are very
sensitive to poor distribution of flow at suction bell entrances. Note that the

di stance of the bell fromthe bottomof the well is critical.

12.5.5.2 Hori zontal Punps. Where econonically justified, use horizontally split
centrifugal pumps in a dry well below extreme |ow water level to avoid the necessity of
foot valves and primng, as they are not as sensitive as vertical punps to inlet flow
conditions. Were horizontal circulating punps are | ocated away fromthe intake
structure but above the suction flunme, provide a neans of primng the punps.

12.5.5.3 Backwash Punp. The backwash punp for a traveling screen should be of the
horizontally split centrifugal type and should take its suction fromthe circulating
purmp di scharge. Where the intake structure and the circul ating punp chanber are
separated, it will be necessary to install a vertical backwash punp in the traveling
screen well after the screen and to | engthen the intake structure accordingly.

A fire punp, where required, may be installed in the crossover well of the
i ntake structure.

Provi de space for punp motor controllers, traveling screen, and backwash
purmp on top of the structure.
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12.5.6 Wat er Tr eat nent

12.5.6.1 Chlorination. Provide chlorinator and storage for one ton chlorine containers
for chlorination of the circulating water, if needed to control sea life growh.

Chl orine concentration should be closely controlled and nmonitored to avoid injury to
fish and/or loss of fish life.

12.5.6.2 Cathodic Protection. Provide all equipnent necessary to protect exterior
surfaces of the water screens, punps, and piping below the water from corrosion by
cathodic protection, as covered in M L-HDBK-1004/ 10.

12.5.7 Housi ng. For unfavorabl e weat her conditions, house the equi prent on top of
the structure, provide roof hatches over the screens and punps to enabl e renmpbval of the
punmps, and include an inside crane. For outdoor installations, the screens and punps
must be raised by sone other neans of hoisting such as a traveling gantry crane,
tenporary rigging and hoist, or nobile boom hoist or cranes.

12.6 Qutfall Structures. Discharge of cooling water fromthe condenser is nade
through conduits term nating at an outfall structure (usually nmade of concrete) |ocated
at the shore of an ocean, |ake, basin, or river. The purpose of the outfall structure
is to control the discharge of cooling water in such a manner to avoid bank or bottom
erosion of the main body of water. Because of its location at the end of the discharge
conduit, the outfall structure can also be used to provide the necessary seal for
cooling water systens operating with a siphon.

12.6.1 Location. Locate the end or ends of the discharge conduit down stream from or
as far fromthe intake structure as feasible, in order to reduce the possibility of
recircul ation of the warm di scharge water.

Where econom cally justified, consider bypassing sone of the discharge water
to the intake structure for controlling ice formations or sea |life growh.

12.6.2 Seal Wells. Were the top of the condenser water box is above extrene | ow
water | evel of the cooling water source, advantage nay be taken of the siphon effect to
reduce the total punping head. In order to start and nmintain the siphon, the discharge

end of the cooling water conduit nust be naintained below water in order to provide and
mai ntain a seal between the water in the conduit and the atnmosphere. The maxi mum
practical differential elevation between the extrene |ow water |evel of the source and
the top of the condenser water box is usually between 28 and 30 feet. The actual val ue
is limted by the vapor pressure of the cooling water corresponding to the actual

maxi mum t enperature of the cooling water at the point of maxi num vacuum

(resulting fromthe siphon). |If, during operation, this limt should be
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Figure 45
Sump Dimensions Plan View
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Figure 46
Sump Dimensions Elevation View
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exceeded as a result of higher vacuum or higher water tenperature, the cooling water at
this point will partially flash into vapor (steanm) and the siphon will coll apse.

Were the maxi num al | owabl e siphon is exceeded because of difference in
el evation between the water |evel of the source and top of the condenser water box, a
seal well with an adjustable discharge weir nust be provided at the end of the discharge
conduit to limt the siphon head. The adjustable weir is nmade up of stop logs that are
installed by the operators as necessary to obtain the naxi mum possi bl e head recovery,
whi ch can be afforded by the nmaxi mum practical siphon.

12.7 Cooling Towers. Cooling towers consist of a structure, sone type of fill to
break the warmwater into droplets, warmwater distribution system air circulation
system and basin for collection of cooled water. For a detailed description of
construction and theory of operation of cooling towers, see Anerican Society of Heating,
Refrigerating, and Air Conditioning Engi neers, ASHRAE Handbook, HE Equi pnent Vol une.

12.7.1 Mechani cal Draft Towers

12.7.1.1 Induced Draft Wt Type. This type utilizes propeller fans with exhaust
velocity recovery fan cylinders, which are nounted at the top of the cooling tower at
the fan deck. Typical fan size for power plant use would be 28-foot dianmeter and
powered with a 200 hp motor (single or two-speed) through a right angle gear reducer.
At nospheric air is drawn in through louvers or grating, through the falling water and
fill, through drift elimnators, and out through the fans and fan cyli nders.

12.7.1.2 1nduced Draft Wet/Dry Type. This type conbines a wet type as described above
with a finned tube heat exchanger. The warmwater to the tower usually flows first

t hrough the heat exchanger and then is distributed over the fill of the wet section.

At nospheric air is drawn in through the heat exchangers in parallel with air through the
wet section. The addition of the heat exchanger reduces water consunption and water
vapor di scharge.

12.7.1.3 Induced Draft Dry Type. This conbines induced draft fans and finned tube heat
exchanger surface. Water flows through the coils while air is drawn across the outside
of the finned tubes.

12.7.2 Natural Draft Towers. Natural draft cooling towers are generally econoni cal
for use only with very |l arge scal e power generating plants.

12.8 Cool i ng Water System Cheni cal Treat nment

12.8.1 Chemi cal Analysis. The chemical analysis, the source, and the physical

anal ysis of the raw water shoul d be exami ned to determi ne what treatnents are necessary.
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12.8.2 Sel ection Factors. See Table 26 for a general guide to avoiding circulating
water troubles. For collateral reading on the problem see ASHRAE Handbook, Systens
Vol une, Corrosion and Water Treatment, and National Association of Corrosion Engineers
(NACE), Cooling Water Treatnent Manual.

Tabl e 26
Cool i ng Water Treatnents

+333311333313313333333333333333311333333313313313313313333333313313331331331331331I3)) >

> Water Problem Treatnent for Systens *
* Once-t hrough Qpen recircul ating >
* Scal e Pol yphosphat es Cont i nuous bl owdown. *
* pH control. Pol yphosphat es. *
* Manual cl eani ng. pH control. *
* Sof t eni ng. *
* Corrosion Corrosion resistant Corrosion resistant *
* mat eri al s. mat eri al s. *
* Coat i ngs. Coat i ngs. *
* Corrosion inhibitors. Corrosion inhibitors. *
* pH control. pH control. *
* Erosion Er osi on resistant Er osi on resi stant *
* mat eri al s. mat eri al s. *
* Velocity limt. Velocity limt. *
* Renmoval of abrasives. Renoval of abrasives. *
> Slime and Chl orinati on. Cont i nuous bl owdown. *
* al gae Cheni cal s, al gaeci des, Chenical al gaecides. *
* and slimcides.? Vel oci ty. *
* Manual cl eani ng. Manual cl eani ng. *
* Del i gnation of None pH control *
* wood *
* Fungus rot None Pretreat ment of wood *

-332333333333333333333333333333333313333333333133333133333133133133313313331331II)))-

1. Biodegradable materials should be used to avoid environnental danmage to streans,
rivers, |akes, etc.
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Section 13. CORRCS|I ON PROTECTI ON

13.1 Justification. Corrosion exists in every netallic substance to sone degree
and in many cases to a severe degree. A corrosion protection program agai nst severe
corrosion conditions must be justified on the basis of econony, necessity, and hazards.

13.1.1 Econony. The investnent cost plus operating and nai ntenance costs of a
program shoul d be | ess than the sum of the follow ng:

a) Direct loss or damage costs resulting fromcorrosion of netal
structures.

b) Direct maintenance costs attributed to corrosion, including indirect
| osses, such as | eakage-loss of tank contents.

c) Increased costs for over design to allow for strength | osses resulting
from corrosion.

d) Costs of shutdown, power failures, |abor |osses, and other itens.
13.1.2 Qperational Necessity. Mlitary facilities must be maintained in a state of

readiness at all tines, with the inportance and m ssion deternining the degree of
necessity for corrosion protection.

13.1.3 Hazards in Handling Materials. Corrosion preventive neasures are necessary
where deterioration of structures, and containers and piping serving fluids or gases may
cause danger of fire and expl osion.

13.2 Causes. For power plants, corrosion is caused primarily by oxidation,
gal vani ¢ action, or chemical attack. For nore detailed infornation see M L-HDBK-1003/ 6.

13.3 Corrosion Controls. The control of corrosion involves the selection of
appropriate materials, use of nmetallic, organic, inorganic, or plastic coatings, and
cathodic protection systens. For additional detailed information, see M L-HDBK-1003/6.
For description and design of cathodic protection systens, see M L-HDBK-1004/10.
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Section 14. SAFETY PROTECTI ON

14.1 Per sonnel

14.1.1 OSHA Standards. Al federal installations nmust conply with the Code of
Federal Regul ations, Title 29, Chapter XVII, Cccupational Safety and Health

Admi ni stration, Departnent of Labor, Part 1910 - Cccupational Safety and Health

St andards, Safety requirenents, including those not covered by OSHA standards, should
be the latest mpst stringent standards and practices foll owed by industrial

organi zations. Special attention shall be given to platfornms, railings, occupational
noi se exposure, nmeans of egress, safety signs, color code and narkings, fire protection,
safety relief valves, and control valves.

14.1.1.1 Equipnent Guards. Cuards shall be provided to cover all exposed rotating
shafts, couplings, flywheels, belt sheaves, and driven belts. Safety cages and guards
shal |l be provided for conveyor belt takeups.

14.1.1.2 Platfornms and Stairs. Provide access platfornms for operation and mai ntenance
of all equipnent and valves nore than 8 feet 0 inches above the floor level. Handrails
and toe guards shall be provided on platfornms and fl oor openings. Stairs shall be

provi ded where possible in lieu of |adders; |andings shall be provided when stair run is
in excess of 12 feet 0 inches. Stairs shall be constructed with abrasive treads or

nosi ngs and, preferably, closed risers.

14.1.1.3 Egress. Not less than two exits shall be provided fromcatwal ks, platforns
longer than 10 to 15 feet in length, boiler aisles, floor levels, and the boiler plant.
Emergency lighting shall be provided for all npbdes of egress.

14.1.2 National Industrial Safety Codes. The followi ng codes shall apply:
a) ANSI Al12 - Safety Requirements for Floor and Wall Openings, Railings,
and Toe Boar ds.

b) ANSI Al14.3 - Fixed Ladders, Safety Requirenents.

c) ANSI/ASME B15.1 - Mechani cal Power Transm ssion Apparatus.

d) ANSI/ASME B20.1 - Conveyors and Rel ated Equi pment.

e) ANSI/ASME B30.2 - Overhead and Gantry Cranes.

f) ANSI/ASME B30.6 - Derricks.

g) ANSI B30.11 - Mnorails and Underhung Cranes.
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h) ANSI B30.16 - Overhead Hoi sts (Underhung).

i) ANSI C2 - National Electrical Safety Code.

j) NAVFAC P-309 - Color for Naval Shore Facilities.

k) ANSI Z783.3 - Gas Utilization Equipnment in Large Boilers.

I) ANSI Z358.1 - Eyewash and Shower Equi pnent, Energency.

m ANSI/NFPA 31 - Installation of G| Burner Equipnent.

n) ANSI/NFPA 37 - Conbustion Engines and Gas Turbi nes.

0) ANSI/NFPA 70 - National Electrical Code.

p) ANSI/NFPA 85F - Installation and Operation of Pulverized Fuel Systens.

14.1.3 Hearing Conservation. NAVOSH Standards for noise exposure, and hearing
conservation including protection requirenents, are presented in Chapter 18 of OPNAVI NST
5100. 23B, Navy Cccupational Safety & Health Program

14.1.3.1 Pernissible Noise Exposure. |n accordance with NAVOSH Standards, protection
agai nst the effects of noise exposure shall be provided when sound | evel s exceed those
shown in Table 27.

Tabl e 27
Per m ssi bl e Noi se Exposures

+32333133333333333333313313333133333133333133333133133333133133)) »

* Sound | evel Duration per day, dBA sl ow

> Hour s response >
* 8 84 *
* 6 85 *
* 4 88 *
* 3 91 *
* 2 96 *
* 1-1/2 101 *
* 1 112 *

-33233333333333333333333333333331333133333331333133133313313I)I))-

When the daily noi se exposure is conposed of two or nore periods of noise
exposure of different levels, their conbined effect should be considered, rather than
the individual effect of each. |If the sumof the follow ng fractions:

Cl/ T1+C2/ T2+...Cn/ Tn exceeds unity, then, the nixed
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exposure should be considered to exceed the linit value. Cn indicates the total tine of
exposure at a specified noise level, and Tn indicates the total time of exposure
permitted at that |evel.

Exposure to inpul sive or impact noise should not exceed 140 dB peak sound
pressure |evel.

14.1.3.2 Equipnent Design Sound Levels. Al equipnent which produces noise as a side
effect of operation shall be specified for noise |level not in excess of 84 dBA (A scale
rated sound pressure |level referenced to 0.0002 microbar) when neasured 5 feet above the
mounting floor level and 3 feet fromthe equi pnent base. Equipment which cannot neet
this specification shall be provided with appropriate silencers or enclosed as necessary
to contain or direct the emanati ng sound.

14.1.3.3 Space Design Sound Levels. Power plant areas which require air conditioning
usual Iy require consideration of sound | evel also. These areas include central control
roons, offices, and | aboratories. The acoustical design goals for these areas is the
achi evenment of background sound | evels which will not interfere with the occupancy
requirements. For conplete information relative to design, control, and testing of
sound, see the Anerican Society of Heating, Refrigerating, and Air Conditioning

Engi neers (ASHRAE) Handbooks, Fundanentals and Systens Vol unes.

14.1.4 Handl i ng of Toxic and Hazardous Substances

14.1.4.1 Hazard Comuni cation Standard. OSHA standards for hazard conmunications are
presented in Title 29, CFR Part 1910, Subpart Z, paragraph 1910. 1200.

14.1.4.2 Local Exhaust. For design guidance of |ocal exhaust systens for m xing tanks,
|l ocal feed systens, test bench hoods, etc., see M L-HDBK-1003/17 Industrial Ventilation
Systens, and ACGA H Industrial Ventilation Manual .

14.1.4.3 Storage. For design criteria pertaining to storing of all types of toxic and
hazar dous substances, see M L-HDBK-1032/2, Covered Storage.

14.1.4.4 Dry Chenmicals. Provide storage per manufacturer's reconmendations or
instructions.

14.1.4.5 Liquid Chenicals. Provide curbed area around liquid storage or m Xing tanks
and chem cal feed equi pment. Volatile toxic chemicals will require special ventilation
and adequate personnel protective clothing; included in this category are chem cals such
as acids, norpholine, hydrazine, etc. For design criteria, refer to ACAH Industrial
Ventilation Manual .

14.1.4.6 Gaseous Chemicals. See 29 CFR 1910, Subpart H - Hazardous Materials and
Subpart Z - Toxi ¢ and Hazardous Substances.
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14.1.4.7 Energency Shower and Eye WAsh Fountain. Provide an energency shower and eye
wash fountain, neeting ANSI Z358.1, within any work area in which personnel eyes or body
may be accidentally exposed to injurious corrosive materials.

14.2 Pi pi ng and Equi prent

14.2.1 Piping. Provide safety relief valves on piping in accordance with ANSI/ASME
B31.1, Power Piping (ASME Code for Pressure Piping).

14.2.2 Boilers and Pressure Vessels. Provide safety relief valves on boilers,
recei vers, heat exchangers, and other pressure vessels in accordance with the ASME
Boi | er and Pressure Vessel Code.

14.2.3 Air Conpressors and Positive Displacement Punps. Provide safety valves as
necessary to protect air conpressors and positive displacenent punps in the event a
di scharge valve is closed with the equi pnent in operation.

14.2. 4 Equi pnent Encl osures. To protect both equi pnent and personnel, provide
encl osures for batteries, nmachine shop, and | aboratory equi pnent. Battery roons shall
be provided with forced ventilation exhaust type fans.

14.3 Air Navigation. To deternmine if any part of the power plant, such as the
stack, presents an obstruction to air navigation, refer to Title 14 Code of Federal
Regul ations, Part 77. See also Federal Aviation Admnistration advisory circular AC

70/ 7460- 1F, Cbstruction Marking and Lighting; FAA 150/5345-43c, Specification for
Qbstruction Lighting Equi pnent; M L-HDBK-1023/1, Airfield Lighting; and NAVAI R 51- 50AAA-
2, Ceneral Requirenents for Shorebased Airfield Marki ng and Lighting.

14. 4 Security. See NAVFAC DM 5.12, Fencing, Gates, and Guard Towers, for security
f enci ng.

171



M L- HDBK- 1003/ 7

Section 15. FI RE PROTECTI ON

15.1 Ceneral Requirenents. See M L-HDBK-1190 and M L-HDBK-1008, Fire Protection
for Facilities Engineering, Design and Construction. The designer shall be governed by
the above Navy criteria. Were Navy criteria do not address a particul ar subject,
appl i cabl e Factory Mitual Engineering Loss Prevention Data Sheets and National Fire
Protection Codes shall be consulted. Al questions concerning fire protection should be
directed to the fire protection branch. For additional requirements, see M L-HDBK-
1003/ 6.

15.2 Fuel. For fire protection of coal facilities, see ML-HDBK-1003/6. For fire
protection requirements for oil fuel, see NFPA 30, Flammable and Conbustible Liquids
Code and NFPA 31, G| Burning Equipnent, Installation of.

15.3 Transformers. CQutdoor generator step up transfornmers and outdoor auxiliary
transformers shall be protected by automatic, dry pilot, deluge water spray fire
protection equi pnent.

15. 4 Lubricating and Hydrogen Seal G| Equipment. The turbine |ubricating oi
reservoir and conditioner, and hydrogen seal oil unit, if any, shall be protected by
automatic, dry pilot, deluge water spray fire protection equipnent.

15.5 St andpi pe and Fire Hose Stations. Standpipe and fire hose stations shall be
strategically located at various |levels of the power plant and at various |ocations on
each fl oor.

15.6 Port abl e Hand-Hel d Extingui shers. Portable hand-held fire extinguishers shal
be provided at all standpi pe hose stations and other strategic |ocations. The

extingui shing agent shall be sel ected based on the fire hazards encountered in the

i mredi ate area.

15.7 Typical Fire Protection Systens for Power Plants. Table 28 |lists the various
areas or pieces of power plant equipnment that shoul d be considered relative to the need
for fire protection. Wether or not an area or piece of equi pment requires the
installation of fire protection equi prent depends on the initial costs of buildings and
equi pnrent being considered and the relative cost of the fire protection system The
criticality of an area or piece of equipnent to the mssion of the power plant must al so
be considered. Table 28 also lists the reconmended type of fire suppression system
type of detection, and operation.

172



+33333133333133333133333133)33))

LN N I R I JNE N R N I I B R N I N N R I R I N N I N R R N

Typi ca

Location

Admi ni stration
Area (excluding
Hal on protected ar

Pl ans and records
st orage room

eas)

Control room (bel ow
cei ling)

Control room (above
cei ling)

Control room (main
control panel)
Control equi pnent

Cabl e spreading ro

Tur bi ne underfl oor
area, grade and
nmezzani ne | eve

Tur bi ne gener at or
beari ngs

Boi | er feed punp
t urbi ne

room

om
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Tabl e 28
Fi xed Fire Detection and Suppressi on Systens
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Type of Fire
Suppr essi on

System

Wt pi pe
sprinkl er

Hal on 1301

Not applicabl e

Not applicabl e

Not applicabl e

Hal on 1301

Wt pi pe
sprinkl er

Dry pipe
sprinkl ers

Preaction
spray

Del uge
spray

Type of Detection Operation
Fi xed tenperature Automatic
quartzoid bulb
Cr oss-zoned Aut omati c

i oni zati on and

phot o-el ectri c snoke

det ection system

| oni zati on snoke
det ection

| oni zati on snoke
det ection

| oni zati on snoke
det ection

Cr oss-zoned
i oni zati on and
phot o-el ectric

Fi xed tenperature
quartzoid bulb

| oni zati on snoke
det ection

Fi xed tenperature
quartzoid bulb

Fi xed tenperature

Dry pil ot

Al armonly

Al armonly

Al armonly

Aut omati c

Aut omati c

Al armonly

Aut omati c

Manua

Aut omati c
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Typi cal

Location

WAr m up guns and
igniters

Igniter oil punps

Hydr ogen seal oil unit
Tur bi ne | ube

oil reservoir and
condi ti oner

Mai n generator and
auxiliary transforners

Reserve auxiliary
transforners

Swi t chgear areas and
maj or nmotor control
center

Coal conveyors within
generation building
Air heaters

Coal pul verizers

Coal dust collectors
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Tabl e 28 (Cont.)

Type of Fire
Suppr essi on

System

Preaction
spray

Del uge
spray

Del uge
Del uge
spray
Del uge
spray

Del uge
spray

None

Dry pipe
sprinklers

Del uge
spray

St eam
inerting

Wat er wash

Preaction
sprinkl er

Fi xed Fire Detection and Suppressi on Systens

Type of Detection Operation
Fi xed tenmperature Automatic
Dry pilot Aut omati c
Dry pilot Aut omati c
Dry pil ot Aut omati c
Dry pilot Aut omati c
Dry pilot Aut omati c
Smoke detection Al arm
only
Fi xed tenperature Aut omati c
quartzoid bulb
I nfrared hot Manual
spot detectors
Car bon nonoxi de Manual
noni toring
Manual
(for B&W
onl y)
Therm stor wire Aut onmati c
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Tabl e 28 (Cont.)
Typi cal Fixed Fire Detection and Suppression Systens

+))))))))))))))))))))))))))%)))))?)%)))))))))))))))))))))))))))))))))))))))),
* ype of Fire

Suppr essi on

or for water
hose streans
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* Location System Type of Detection Operation *
* Coal silos Low pressure -- Aut omati c *
* o, on naster *
* fuel trip =
* or manual *
* for fires *
> Silo fill galleries Dry pipe Fi xed tenperature Aut omati c *
* and pl ant conveyor sprinklers quartzoid bulb *
> gallery *
* Coal feeders Provi si ons -- Manual *
* for CO *
* inerting *
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Section 16. M SCELLANEQUS

16.1 Pi ping. For design of power plant piping and sel ection of piping material s,
see ANSI/ASME B31.1, Power Piping (ASME Code for Pressure Piping). See also M L-HDBK-
1003/8, Exterior Distribution of Utility Steam H gh Tenperature Water (HTW. Chilled
Water (CHW. Fuel Gas, and Conpressed Air.

16.2 Insul ation, Lagging, and Jacketing

16.2.1 Insulation. |Insulation shall be non-asbestos composition and shall be applied
to piping, equipnent, and ductwork to conserve energy and for confort and safety.

Thi ckness for energy conservation shall be dictated by an economnic conparison of the

val ue of heat energy saving versus the cost of additional thickness of insulation.

For additional information, see M L-HDBK-1003/6.

16.2.2 Lagging. Metal lagging is used to cover insulation applied to breeching,
ductwor k, scrubbers, baghouse filters, electrostatic precipitators, |arge fans, and

ot her equi pnent having large flat surfaces. Lagging can be alum num al um nized steel,
gal vani zed steel, or stainless steel in a variety of profiles with the selection
dependi ng on the application and exposure. Lagging can be plain, corrugated, enbossed,
unpai nted, or painted with a variety of finishes.

Laggi ng surface tenperature shall not exceed 150 degrees F (66 degrees C).
16.2.3 Jacketing. Al insulated piping and equi prent should be conpletely covered
with alum numor stainless steel jacketing. Al umnumjacketing should not be used for
piping in trenches or buried directly in the ground.

To prevent gal vanic corrosion, avoid permanent contact of alum num jacketing
with copper, copper alloys, tin, lead, nickel, or nickel alloys including Mnel netal.

16. 3 Freeze Protection. Piping that is subject to freezing shall be protected with
el ectric heating cable. Follow manufacturer's recomendations and instructions for
application.

16. 4 Pi pe Supports. Use rigid (rod or roller) or spring type pipe hangers for
supporting overhead piping. Piping |located near floors, platforms, or other suitable
surfaces is often supported frombelow by rigid floor stands. See Federal Specification
WV H 171E, Hangers and Supports, Pipe, for type selection. See also M L-HDBK-1003/8.

Locate anchors to control heat pipe novenent or to limt novenents of branch
takeoffs froma main |ine.
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Provi de adequate flexibility (by use of change in pipe direction, expansion
| oops, or expansion joints) in all steamor hot liquid piping. Performfornmal piping
flexibility and hanger support calculations to make certain that pipes will be
adequately and properly supported, that pipe stresses will not exceed linmitations
permtted by ANSI/ASME B31.1, and that piping reactions and novenents at equi pnent
pi pi ng connection or piping anchors will not be excessive. For piping hanger and
flexibility calculations, refer to publications such as Pipi ng Handbook, Sabin Crocker
or Piping Design and Engineering, |TT Ginnell, Inc. Providence, RI. Conputer programns
for analyzing piping flexibility (stress, forces, and nonents) such as ADLPI PE can al so
be used.

16.5 Heating, Ventilating., and Air Conditioning. Refer to M L-HDBK-1003/6 and
NAVFAC DM+ 3. 03, Heating, Ventilating, Air Conditioning and Dehuni difying Systens for
boi | er plant requirenents.

16.5.1 Heating. Heating systenms shall be provided for boiler room turbine room
purmp and equi prent roons, shops, warehouses, and admi nistration areas if required for
confort or for freeze protection. Heat fromboiler and equi pnent operation shall not be
taken as a credit.

16.5.2 Ventilating. Provide adequate forced ventilation for the boiler roomand the
turbi ne room by use of roof-nmounted exhauster fans. Central control roons and offices
should utilize air handling units with duct systens for air distribution. Qher areas
to be ventilated include shops, tunnels, enclosed coal galleries, toilets and washroons,
| ocker rooms, lunch roons, and other areas where personnel are expected to operate or
mai ntai n equi pment. Exhaust air fromareas with suspended particul ate shall be cl eaned
sufficiently to satisfy environnental regul ations.

16.5.3 Air Conditioning. Use air tenpering (heating and cooling) for central control
roonms and for areas such as offices where air conditioning for confort is justified.

I nclude hum dification where necessary for confort. |In dry climate regions,

hum di fication of the boiler and turbine roonms may al so be necessary for personnel
confort.

16.6 Cranes and Hoi sts

16.6.1 Ceneral. Refer to NAVFAC DM 38. 01, Wi ght -Handl i ng Equi pnent .

16.6. 2 Cranes. Provide turbine roomcrane for erection and mai ntenance of turbine
gener at or s.

16.6.3 Hoi sts. Provide hoists and supports for nmintenance on water intakes, punps,
conpressors, fans, and other heavy equi pnent. Provide a beam
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into the plant, and provi de steel above an opening between floors to hoist |arge
equi pnent to an upper |evel.

16. 7 Metering. Meters shall be provided on fuel lines, electrical and water
services to the buildings, and to the najor equi prent and boilers in the building.

St eam out put netering of the header and at each steam generator shall be provided for
periodic reports and testing.

16.8 Drai nage. Refer to M L-HDBK-1003/6, under Drainage and NAVFAC DM 3. 1,

Pl unbi ng Syst ens.

16.9 Seismic Design Criteria

16.9.1 Power Plant Buildings. Power plant buildings shall be in accordance with

Sei snic Design for Buildings, NAVFAC P-355.

16.9.2 Piping. Al piping systens shall be designed to permt freedom of novenent of
the pipes in all directions. Pipe penetration through building walls and floors shall
be made through pipe sleeves and with swing joints or other neans of permitting

i ndependent pi pe novenents.

Al piping critical to the operation of the power plant shall be steel,
if possible, inlieu of a brittle naterial.

Cast-iron or cenent-asbestos pipe shall not be used for condenser
cooling waterlines.

16.9.3 Equi prent. Al mechani cal equi prent and tanks shall be securely anchored to
their foundations. Supports for equipnent shall be steel in lieu of cast iron.

16.9.4 Controls. Control systems shall be designed so that |oss of the control media
(air or electricity) will leave the control in a fail-safe position.
16. 10 Architectural Criteria

16.10.1 Qut door _and Semi - Qutdoor Plants. Boiler plants and generators, conpletely
outdoors, may be feasible in warmand tenperate climtes, thereby reduci ng construction
costs. Proper neasures against freezing of stationary water nust be nade.

Definitive steamel ectric-generating plants have sem - out door boil ers.
Weat her proofi ng equi pnent for outdoor service saves a good part of building
construction. However, weatherproofing equi prent nmakes operation and mai nt enance nore
difficult.

An econom ¢ study shoul d deci de whet her indoor or outdoor housing
shoul d be used.
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16.10.2 Arrangenents. Architectural arrangenents should provide for:
a) Mnimumtotal building vol une.
b) Centralization of electrical equiprment and controls.
c) Sufficient aisle and | aydown space.
d) Adaptability to various makes of equipnent.
e) Adaptability to definitive designs.
f) Localization of operations.
g) Ease of replacing equipnent and extending a plant.
h) Loadi ng and unl oadi ng fuel and equi prent.
i) Parking.
j) Toilets, lockers, work shops, offices, storage, and control roons.
k) Equi prent platfornms with access.

16. 10. 3 Criteria Source. For general architectural design criteria, see M L-HDBK-
1003/ 6, under Architectural Criteria.

16. 11 Structural Criteria

16.11.1 Foundations. Power plant foundations require careful design because a site is
frequently on nmarsh or filled ground close to the sea. Were |low water levels are
anticipated, a detailed subsurface study is necessary.

a) Extra piling may be required for stack foundations, turbine
generators, boilers, fuel oil tanks, coal silos, and other heavy equipnent. Seisnmic
conditions at the site should be investigated.

b) Where heat froma furnace is transmitted to a boiler foundation, it
shoul d be separated fromother foundations and floor slabs, and an expansion joint at
floor slab level installed around its periphery.

c) Equi prent foundations shoul d be designed in accordance with
manuf acturers' instructions.
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16.11. 2 Platform and Ladders. Provide platfornms for all systens nore than 4 feet
above the ground floor requiring access for operation and cl eaning. Connect the
platforms to two nmeans of exit.

a) Systens and access doors for inspection need only | adders.
b) Platforns shall have toe guards and railings.

16.11.3 Typhoon or Hurricane Considerations. Exterior nechanical equipnent and
systens shoul d be anchored, braced, or guyed to withstand the wind velocity specified
for design of structures (see M L-HDBK-1002/2, Loads). Designs for construction,
installation, and anchorage of the typical nechanical features, as |listed bel ow, shall
be given special attention to ensure m ni mum danage due to typhoon or hurricane
phenonena:

16.11.3.1 Mscellaneous. Coal silos and conveying systens, cooling towers, evaporative
condensers and cool ers, boiler stacks, outside boilers, duct work, and roof-nounted
heating and air conditioning units.

16.11.3.2 Exterior Piping Systenms. Steam water, conpressed air, and fuel distribution
lines mounted above ground on structural supports.

16.11.4 Collateral Reading. See M L-HDBK-1003/6.

16. 12 Electrical Criteria. Refer to ML-HDBK-1003/6, under Electrical Criteria.

16. 13 Qperation and Maintenance Manuals. Each power plant shall be provided with a
conmpl ete set of operating and mai ntenance manual s covering the plant, each process
system and subsystem and each piece of equipnent. Preparation of operating and

mai nt enance nmanual s shall be in accordance with the latest revision of Mlitary
Specification M L-M 38784, Manuals, Technical: General Style and Format Requirenents.

16.13.1 Pl ant Operation and M ntenance Manual. The plant operation and nmai ntenance
manual shall be divided into volunes separating nechanical and electrical systens. The
manual shall be conposed of sections or parts, each covering a conplete operating
system Each section or part shall be formatted as foll ows:

16.13.1.1 System desi gnati on

16.13. 1.2 Description of system and associ ated major equi pnent. Include pictures as
necessary. List special tools or test equi pment that are needed or furnished with

equi pnent. Describe systemfunction. Reference Equi pnent Data Manual for each piece of
equi prent. List all valves, state valve function, and state normal val ve position
(open, closed, or throttled). Include pipeline listing of pipeline section description,
pi pe material, and thickness and type of insulation. List and describe all electrical
conmponent s.
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16.13.1.3 peration. Operation of systemincluding procedures for prestart, starting,
shut down, post-shutdown, and monitoring. |Include list of nmonitor description, |ocation,
units (such as OV OFF), status, and alarm

16.13. 1.4 Maintenance. Mintenance of systemincluding safety precautions, preparation,
mai nt enance procedures (refer to data contained in Equi pment Data Manual wherever

possi bl e). List maintenance actions, frequency (nonthly, quarterly, sem -annually,
annual ly, etc.) and Equi pnent Data Manual reference. |Include description of each

mai nt enance action by steps.

16.13. 1.5 Troubl eshooting. Troubl eshooting of systemincluding safety precautions,
preparations, and troubl eshooting. List troubleshooting activity by equi pnent piece
including reference to Equi pment Data Manual. Include list of trouble, probable cause,
and corrective action for each piece of equipnent.

16.13.1.6 Drawings. Foldout draw ngs including system descriptive drawi ngs, schematic
di agrans, flow diagrams, piping and instrunment diagrans, heat bal ances, electrical one-
line diagrans, control panel |ayouts, and reduced copies of sheets of construction

pl ans, as necessary.

16.13.2 Equi pnent Data Manual . The Equi pnent Data Manual shall consist of one or nore
vol umes, as necessary, to contain manufacturer's literature and data covering operation
and nmi nt enance procedures. This data nanual shoul d be i ndexed and sectioned by najor
pi eces of equi prment, including original equiprent manufacturer's accessories. Equi pnent
data shoul d include the follow ng infornation:

a) Master equiprment list including equipnent identification or tag nunber,
narme of item of equipment, location of item nane of supplier/manufacturer, other
identifying characteristics such as capacity or type, and data location in the manual .

b) Manufacturer's data for each piece of equipnent including:

(1) General description.
(2) Sequence of operation (startup, operating, and shutdown).
(3) Operational checks and tests.

(4) Adjustnents.

(5) Maintenance, lubrication, and inspection procedures and intervals.
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Parts lists, including price list.
Recommended spare parts.

Manuf acturer's data report for boilers, pressure vessels, and heat

Manuf acturer's certified punp perfornmance curves and factory test

Pi ping and wiring diagrans.

Original equipment manufacturer's data for associated auxiliary or
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Section 17. POLLUTI ON CONTROL

17.1 Alr Quality Control

17. 1.1 Pol lutant Production. As a fossil fuel is burned, air pollutants such as
sul fur dioxide (SG), nitrogen oxides (NOx), and particulate matter are produced. The
amount of each forned is dependent upon nmany factors, the nost inportant of which are
fuel type and fuel burning equipnment. Data on em ssions of pollutants produced while
burning a fossil fuel in a boiler are given in TM5-815-1/ AFR 19-6, Air Pollution
Control Systems for Boilers and |ncinerators.

17.1.2 Emi ssion Linmits. The amount of the pollutants produced in the boiler that are
all owed to pass out of the stack as emi ssions is governed by Federal, state, and | ocal
regul ations. A discussion of emission limts as they relate to fossil fueled steam
power plants is contained in Section 18, Environnental Regul ations and Pernitting.

17.1.3 Equi pnent Sel ection. Exanples of particulate matter renoval equi pnent include
mechani cal cycl ones, wet scrubbers, electrostatic precipitators, and fabric filters
(baghouses). Sulfur dioxide is normally renmoved with wet or dry scrubbers. The basic
operation, application, design considerations, and selection of air pollution control
equi pnrent are contained in TM 5-815-1/ AFR 19-6.

Ni trogen oxi des are not nornally renoved fromthe exhaust; rather, the
pol lutant production in the boiler is mnimzed. Various techniques such as fuel
changi ng, |oad reduction, and conbustion nodifications can be enpl oyed. However,
recently there has been much devel opnment work performed with techniques for reduci ng NOx
em ssions with the use of Uea, Amonia or Selective Catalytic Reduction. These systens
have been installed on many recent boilers and conbustion turbines. Details of NOx
reduction techni ques are given in TM 5-815-1/ AFM 19-6.

17.1.4 Monitoring and Reporting. Point source enmission rate tests are a necessary
part of the environnental inpact assessnent required for all new Government-funded
facilities. In the upgrading of existing installations, conpliance is determ ned

t hrough point source emi ssion rate tests. Revisions to the regulations regarding air
pollution test requirenments for federal installations appear in the Federal Register.

The point source enmission rate test methods and requirements approved by the

EPA are published in the Code of Federal Regulations. The techniques included are for
testing for particulate, SO, NOx, and visible enissions and are listed in Table 29.
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Tabl e 29

EPA Eni ssion Sanpling Techni ques’
%3223311333333333333333133331333333333133313133313331313331331313133313331313331311))))
* EPA Met hod To determ ne: *
* #1 Sampling site and the m ni num nunber of sanpling

* points required for the extraction of a representative *
* sanpl e of flue gas froma stationary source. *
* #2 Velocity and volunetric flow rate of flue gas. *
* #3 Concentration by volume of carbon dioxide (CO), *
* carbon nonoxi de (CO), and oxygen (G) in flue gas. *
* #4 Mbi sture content of flue gas. *
* #5 Particle em ssions fromstationary sources. *
* #6 Sul fur dioxide (SO) concentration in flue gas. *
* #7 Al nitrogen oxides (NOx) in flue gas except *
* nitrous oxide (NO. *
* #8 Sul fur dioxide and sulfuric acid (H,SQ,) m st *
* concentrations in flue gas. *
* #9 Opacity of visible em ssions. *

-233333333333333333333333333333333331333133131313331331333133313133313331313II1311I))))-
'40 CFR 60, Appendix A

Sampling ports will be approximately 4 inches in dianmeter, extend out
approxi mately 4 inches fromthe stack, and have a flanged renovabl e cover. On double
wal | stacks, sanpling ports nay consist of a 4-inch dianeter pipe extending from4
inches outside the stack to the inner edge of the inner stack wall. Sanpling ports will
be accessible and | ocated so that the cross-sectional area of the stack or flue can be
traversed to sanple the flue gas. The sanpling ports shall be provided and |ocated in
accordance with the applicable current Federal or state regulations for fuel-burning
equi pnent .

17.2 Water Quality Contro

17.2.1 Waste Streans. The nunber and source of wastewater streans associated with a
fossil-fuel ed steam power plant are dependent upon such factors as fuel type, nethods of
ash handling, SO, renoval nethod, and overall water usage and conservation neasures
Possi bl e wast ewat er sources are |isted hereinafter
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a) Chemical wastes resulting fromwater treatnent, backwash, and drainage.
b) Chemical feed area and storage area drains.

c) Laboratory drains.

d) Boiler tube chem cal cleaning wastes.

e) Sanitary wastewater. This waste source consists of sanitary wastes
originating fromplant buildings with sanitary facilities (e.g., restroomtoilets and
si nks).

f) Steamboiler blowdown. This wastewater is released fromthe boiler
drums to maintain a sufficient water quality in the boiler.

g) Cooling tower water blowdown. This source is present only if cooling
towers are enployed to renove heat fromthe steamcycle. This wastewater is rel eased
fromthe cooling water tower to maintain water quality.

h) Plant drains. This source is a result of punp seal water overflows and
m scel | aneous equi pnent wat er drains.

i) Area washdown drains. This wastewater results when plant personnel use
hoses to wash down certain equi prent and areas in and around plant buildings. For
exanpl e, floors such as in the scrubber, turbine, and service buildings may be
periodically flushed.

j) Oly waste treatnent system \WAstewater fromthis source is a result of
treati ng washdown water from such areas as fuel oil storage, |ube oil storage,
transformers, service buildings, and turbine building.

k) Ash handling system (from bottom ash renpval transport systen). Any
di scharge requires pretreatnent for clarification and neutralization.

1) Flue gas desul furization (FG). Under nornmal conditions, process water
within the scrubber systemis recirculated. At tines, however, water quality may
degrade to a point where sone nust be rel eased as a wastewater.

m Stormwater runoff.

n) Runoff fromcoal storage areas and solid waste storage areas. The
wast ewat er nmust be pretreated before discharge.
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17.2.2 Di scharge Standards. Newly constructed plants nay be designed as zero

di scharge facilities. Zero discharge nmeans that although a plant may use water, it does
not have a discharge of water. Hence, for this case, discharge standards do not apply.
Many facilities do discharge water fromthe sewage treatnent plant, the cooling water
system or fromstormwater runoff. |If there is any water discharge, discharge
standards apply. Environnental regulations and permitting associ ated with wast ewater

di scharge are discussed in Section 18, Environnental Regul ations and Permitting.

17.2.3 Treatment and Di sposal Methods. Wastewaters generated by a power plant should
be reused as much as practical to conserve water.

17.2.3.1 Recycle Basin. A common nethod of wastewater handling at a power plant
invol ves the use of a recycle basin (also called a reclai mpond). The wastewater
streams, properly treated, flowto the recycle basin.

17.2.3.2 Chenm cal Wastewater. Wastes from steam condensate treatnent, chem cal feed
and storage area drains, |aboratory drains, and netal cleaning wastewater are corrosive
and should be collected in a separate piping systemfromother plant drains. These
wastes are nornally directed to a treatnment tank where they are nixed with the proper
chemicals until the entire solution is no longer corrosive (i.e., neutralized). The
neutralized wastewater can then be discharged to the recycle basin or to the sanitary
sewer.

17.2.3.3 Sanitary WAstewater. Sanitary wastewater is typically directed to a sewage
treatment plant located on site. The treatment plant processes the sanitary wastes and
di scharges either to the streanms or to the recycle basin.

17.2.3.4 StormWater Runoff. Roof and yard drain stormwater runoff is reasonably
cl ean and discharged with the storm system w thout treatnent.

17.2.3.5 Leachate and Runoff From Coal Storage Areas. Discharge waters from coal
storage areas and solid waste storage require treatnent, which includes settlenent,
clarification, and neutralization, to satisfy local regul ations for wastewater discharge
of storm water.

17.2.3.6 Oly Wastewater. GO l-contani nated wastewater nust be treated before being
allowed to enter a recycle basin. This treatnment is normally acconplished through use
of an oil separator. This device operates by allowing the oil and wastewater to
separate naturally (because of their difference in densities). The separated oil is
directed to waste oil storage containers while the de-oiled wastewater is discharged to
the recycl e basin.

17.3 Ol Spill Control

17.3.1 Possi bl e Sources of Spills
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17.3.1.1 Bulk G| Storage Tanks. Spills may originate fromtank rupture, overflow, or
val ve and pipe | eakage. |In addition, the process of filling the tanks froma barge, a
railroad tank car, or a truck may cause an oil spill.

17.3.1.2 Lube Gl Tanks. Lubricating oil tanks are nornally located indoors. Spills
may originate fromtank rupture, valve and pi pe | eakage, or |ube oil drippings from
equi pnent which, if unconfined, nay be sources of oil spills.

17.3.1.3 Ql-Filled Transforners. Mst large electrical transformers are filled with
oil for purposes of cooling. Their location can be indoors or outdoors and ground | evel
or elevated. For exanple, transformers for electrostatic precipitators are typically

|l ocated atop the precipitator structure itself. Spills may originate as a result of
rupture or seal |eakage.

17.3.2 Met hods of Prevention. According to oil spill regulations and permtting,
appropriate contai nnent and di versionary structures or equi pnent to prevent discharged
oil fromreachi ng a navi gabl e wat ercourse should be provided. The follow ng systens or
its equival ent should be used as a m ni mum

a) Dikes, berms, or retaining walls.

b) Curbing.

c) Ol/water separators.

d) Gavel-filled retention area under transforners.

For exanple, the area surrounding fuel oil storage tanks shall be provided
with dikes with controlled water discharge to confine oil spills and to collect
rai nwater runoff that may be contaminated with oil. GO l/water separators may be

required on the water discharge control to satisfy sone state requirenents. See NAVFAC
DMt 22, Petroleum Fuel Facilities, for additional information.

17.3.3 Met hods of deanup. If a spill occurs, appropriate cleanup action nust be
taken. Confined spills above ground nay be cleaned up through use of oil-absorbent
materials. Pernmeated soils shall be renpved, and uncontam nated soils shall be used as
a replacerment. |If the plant is |ocated near a navi gabl e watercourse, appropriate clean
up equi prent nmust be on hand for spills on such a water surface.

Additional information concerning oil spill prevention and cl eanup can be
found in the Code of Federal Regul ations.
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17. 4 Solid Waste Di sposal

17. 4.1 Solid Waste Production. The sources and anpbunts of solid waste produced by a
fossil-fuel ed steam power plant are dependent mainly on the fuel type, fuel burn rate,
and degree of pollutant renoval fromthe boiler exhaust. Qher factors, such as fuel-
bur ni ng equi pnrent, nmay al so affect the solid waste production rate. Solid wastes
produced at a plant burning fossil fuel include fly ash, bottom ash, pulverizer rejects
(if pulverized coal is burned), and flue gas desul furization scrubber solids (if an FGD
devi ce i s enpl oyed).

17.4.1.1 Fly Ash. Fly ash consists of the fine ash particles that are entrained in the
boi | er exhaust gases. For further infornmation, see Conbustion Engi neering, Conbustion
Fossi| Power Systens, and Boiler Enissions in TM5-815-1/AFR 19-6. Particul ate

em ssions fromnatural -gas-fired boilers are negligible and thus are not a source of
solid waste.

17.4.1.2 Bottom Ash. Bottom ash consists of the large particles of solid conbustion
products (ash) and unburned carbon that fall out in the bottomof the boiler.

17.4.1.3 Pulverizer Rejects. Pulverizer rejects consist of a variety of coarse, heavy
pi eces of hard rock or slate and iron pyrite that are separated from coal during

pul veri zation. The amount produced varies with the particular coal being pulverized. A
reasonabl e esti mate can be nmade, however, if it is assuned that rejects conprise 0.5
percent of the coal fired.

17.4.1.4 FECGD Scrubber Solids. Solids froman FGD device consist of sulfate and sulfite
reaction products resulting fromthe absorption of sul fur dioxide fromthe boiler
exhaust. The particular solids formed depend on the scrubber type. See M L-HDBK-
1003/ 6, Section 7.4, for details of scrubber waste products for various types of SO
scrubbers. The quantity of scrubber solids produced vary with the ambunt of SO, renoved
fromthe boiler exhaust and with the type of solids produced. GCenerally, a mass bal ance
calculation is required to deternine the quantity of scrubber solids generated.

17.4.2 Met hods of Treatnent and Di sposal

17.4.2.1 Requirenents. At this tine, the solid wastes produced at a fossil-fuel ed

st eam power plant are not categorized as hazardous by the Environnental Protection
Agency. Therefore, according to the Resource Conservation and Recovery Act (RCRA) of
1976, the wastes may be landfilled utilizing environnmentally acceptabl e practices.

Since RCRA requires that a landfill not contami nate an underground drinki ng water source
beyond the solid waste boundary, |eachate control nust be incorporated. This is usually
acconpl i shed through the use of liners, either clay or a synthetic menbrane.
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17.4.2.2 Fly Ash. Details of fly ash handling, internediate storage, and conditi oning

are covered in Section 10, Ash Handling, of this design manual. |If not sold to an

outside party such as cenment or concrete bl ock manufacturers, fly ash can be di sposed of
as a solid waste in a landfill. Details of solid waste disposal can be found i n NAVFAC
DM 5.10, Solid Waste Disposal. Additional information on solid waste nanagement can be

found in NAVFAC MO 213, Solid Waste Managenent.

17.4.2.3 Bottom Ash. Bottom ash handling and internedi ate storage are di scussed in
Section 10, Ash Handling, of this design manual. This waste product is generally

di sposed of in either settling ponds or a landfill. The choice of which to use depends
on econom cs, space availability, and conpatibility with the bottom ash renoval system
For exanple, if the bottomash is renoved dry (i.e., nmechanically) the preferred

di sposal method is a landfill. However, if the waste is hydraulically renmoved and pl ant
space is available, a bottomash pond nay be preferred. |If space is limted, the bottom
ash could be dewatered and then landfilled. Consideration of these factors and others
in a detailed study is recommended before deciding on a specific disposal system
Additional information on solid waste disposal and its managenent can be found in NAVFAC
DM 5. 10 and NAVFAC MO 213.

17.4.2.4 Pulverizer Rejects. |In nost cases, the pulverizer rejects are transferred
either hydraulically, nmechanically, or pneumatically to the bottom ash handling system
The conbi ned waste product is then di sposed of as discussed in Bottom Ash above.

17.4.2.5 SO,_Scrubber Solids. Treatnent and disposal of this waste product can be the
nmost conplicated and expensive of the four discussed. To choose a method, consideration
must be given to the type of scrubber system enpl oyed, chemnical conposition of waste
product, and availability of disposal space. A discussion of various waste products
from FGD systens can be found in M L-HDBK-1003/6, along with information on alternative
di sposal methods for scrubber waste products. Additional discussions of FGD waste can
be found in TM 5-815-1/ AFR 19- 6.

17.4.3 Hazar dous Waste Considerations. The U.S. Environnental Protection Agency
(EPA) has interpreted the fossil fuel conbustion waste exenption from hazardous
classification to extend to other wastes that are produced in conjunction with the
conmbustion of fossil fuel, are necessarily associated with the production of energy, and
are nmixed with and co-di sposed or co-treated with fly ash, bottom ash, or FGD wastes.
Wast es which the EPA has specifically indicated would fall under this co-disposal/co-
treatment interpretation include (but are not limted to) boiler cleaning solutions,

boi | er bl ondown, demi neralization regenerant, pyrites, and cooling tower bl owdown.
Therefore, the production of hazardous waste froma fossil-fuel ed steam power pl ant
shoul d be prevented through proper design choices.
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Section 18. ENVI RONVENTAL REGULATI ONS AND PERM TTI NG

18.1 Air Quality Regul ations. Air pollution enmissions froma fossil fueled

st eam power plant are regul ated by the Federal Governnent under the Clean Air Act (42
USC & 7401 et seq.). Each of the states also regulates air pollution enmissions. Al
facilities must conply with both Federal regulations and state (and |l ocal) regul ati ons.
The facility will have to be designed to neet the nost stringent requirenents.

Stack em ssions are limted by direct emission limts. This is the
pol lutant concentration in the flue gas em ssions neasured in the stack. Stack
em ssions may also be limted by anbient air quality limtations. These are standards
based on nmeasured or cal cul ated pollutant concentrations at ground level off the site
of the pollutant source.

The stack em ssions of major concern in a fossil fuel ed steam power plant
are sul fur dioxide (SO), nitrogen oxides (NOx), and particulate matter. O |esser
concern are carbon nonoxide (CO and various trace el enents such as nercury and
beryllium The formation of the najor pollutants and their control is discussed in
Section 17 of this handbook.

18.1.1 National Anbient Air Quality Standards. The National Anbient Air Quality

St andards (NAAQS) are established by the U S. Environnental Protection Agency (EPA).
The entire United States. is supposed to have air quality at |east as good as the NAAQS.
Any place where the air quality is worse than the NAAQS is said to be a "nonattai nment"
area. An area can be a nonattainnent area for one pollutant and an attainment area for
another. Each pollutant is characterized separately. The NAAQ is inportant to stack
em ssions because a new facility will not be permitted if cal culations (nodeling) show
that the NAAQS woul d be exceeded at any point off the facility site. To find out if the
NAAQS woul d be exceeded, the existing pollution |evel (background) nust be known. The
nmodel ed i nmpacts of the proposed facility are added to the background. |t may be
necessary to limt the em ssions froma new source so that the NAAQS are protected.

The NAAQS values for all six "criteria" pollutants are given in Table 30.
These six pollutants include the three nmajor pollutants discussed above; SO, NXx, and
particulate nmatter. The primary standard is established at the level requisite to
protect the public health and all owi ng an adequate margin of safety. The secondary
standard is established at the level requisite to protect the public welfare (such as
vegetation) fromany known or anticipated adverse effects associated with the presence
of such pollutants in the anbient air.
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Tabl e 30
Primary and Secondary Anmbient Air Quality Standards
(micrograns/ n? except where otherw se noted)

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Primary Standard Secondary Standard *
* Sul fur Dioxide *
* 3-hour concentration (a) -- 1, 300 *
* 24-hour concentration (a) 365 -- *
* Annual concentration 80 -- *
* Particulate Matter PMLO (c) *
* 24-hour concentration (a) 150 150 *
* Annual concentration 50 50 *
* Carbon Monoxi de *
* 1-hour concentration (a) 40 ny/ 40 ng/ nm *
* 8-hour concentration (a) 10 ng/ n? 10 ng/ n? *
* Ozone *
* 1-hour concentration (b) 235 235 *
* Nitrogen Dioxide *
* Annual concentration 100 100 *
* Lead *
* Cal endar quarter 1.5 1.5 *

=332333333333333333333333333333333333333133333133333133333133133133133133133)II))-

(a) Not to be exceeded nmore than once per year

(b) Not to be exceeded nore than an average of one day per year over 3 years. (c)
Since 1987, the standard has been based on particulate matter with an aerodynam c

di aneter of 10 microns and less (PMLO). Prior to that date, the standard was based on
total suspended particulate (TSP)

Even if the area is currently nonattainment, a new facility may be
permitted. But to receive a pernit, other sources of pollution nmust be reduced. These
"of fsets" are part of the permtting process. The amount of offsets available can
affect the anount of stack emissions pernitted froma new source

Each state has al so established anbient air quality standards. Mst states
have adopted the NAAQS. A few have nore restrictive standards. The nost restrictive
standards will apply.

18.1.2 Prevention of Significant Deterioration Linmits. Oiginally under the dean
Air Act (CAA), new air pollution sources could be added until the ambient air quality
becane as bad as the NAAQS. Now the CAA includes limts to the amobunt of new pollution
in clean air areas. These increnent limts currently exist for only SO, NXx, and
particulate matter. The naxi mum permtted increases are as foll ows:
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Maxi mum Al | owabl e | ncrease
Pol | ut ant dass | Class |1 Class Il1
ni crogr ans/ n¥ nm crograns/n? micrograns/nt

Particulate Matter (TSP)

Annual geonetric mean 5 19 37
24- hour maxi mum 10 37 75
Sul fur Di oxi de

Annual arithretic mean 2 20 40

24- hour maxi mum 5 91 182

3-hour maxi mum 25 512 700
Ni trogen Di oxi de

Annual arithmetic mean 2.5 25 50
The maxi mum al | owabl e concentration resulting froman applicable increnent

will not be allowed to exceed a national prinmary or secondary anmbient air quality
st andar d.

The three cl asses have been established to allow flexibility in new source
permitting. Mst of the United States is classified as Cass Il. There are no C ass
Il areas in the country. A Cass Ill area would allow the |argest amount of new
pollution. The nost stringent classification is Class |I. These areas are principally
international parks and | arge national wilderness areas, |large national parks, and |arge
national menorial parks. |If the facility is located within a dass Il area, the dass |
increnents nust still be net at the boundaries of any nearby C ass | area.

Al new sources since an established "baseline date" will use up avail able
increment. dd sources which shut down will make nore increment available. The anount
of increment available to a proposed new source nust be cal cul ated as part of the
permitting process. Again nodeling is used for the calculations. Just as in the NAAGS,
the ambunt of increment available to a new source may affect the anount of stack
em ssions which can be pernitted.

18.1.3 New Source Performance Standards. Both the EPA and the states have new source
performance standards (NSPS). These standards are direct linmits on the pollutant
concentrations in the flue gas enmissions. They vary depending on the fuel to be burned.
The Federal NSPS have been established for three categories of fossil fuel steam power
pl ants as foll ows:

a) 40 CFR Part 60, Subpart D, Standards of Performance for Fossil Fuel
Fired Steam Generators for Wich Construction is Commenced After August 17, 1971.

b) 40 CFR Part 60, Subpart Da, Standards of Performance for Electric
ty Steam Generating Units for Wiich Construction is Commenced After Septenber 18,

ili
1978.
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c) 40 CFR Part 60, Subpart Db, Standards of Performance for Industrial-
Commercial -Institutional Steam Generating Unit.

The nost stringent of these regul ations (Subpart Da) applies to new electric
utility steam generating units and should not be applicable to a mlitary power plant.

The Subpart Db NSPS apply to industrial-conmrercial-institutional steam
generating units larger than 100 nillion Btu per hour heat input rate. SO, NOx and
particulate natter are currently regul ated under these regulations. A mlitary power
plant would qualify as an industrial-comercial-institutional steamgenerating unit.
The Federal NSPS for such units are presented in Table 31.

Table 31
New Sour ce Performance Standards for |Industrial-Conrercial-lnstitutional
St eam Generating Units Larger Than 100 MBTU HR | nput Rate
+333333333333333333333133333333131333313131313131313313131333131333131331313313131313131311111)) »

Maxi mum >
* Emi ssion Rate >
* Pol | ut ant Fuel Speci al Conditions I b/ MBt u *
* Particul ate Coal Up to 10% annual capacity 0.05 *
* Matter factor of other fuels *
* al --- 0.10 *
* Coal & ot her O her fuels greater than 0.10 *
* fuels 10% annual capacity *
* factor *
* Wod & ot her Annual capacity factor 0.10 *
* fuel s except greater than 30% *
* coal for wood *
* Wod & ot her Annual capacity factor 0. 20 *
* fuel s except greater than 10% but *
* coal | ess than 30% for wood *
* and unit |ess than 250 Mtu/ hr *
* Muni ci pal Up to 10% annual 0.10 *
* type solid capacity factor of *
* wast e other fuels *

-333333333333333333333333333333333333333333331333331333331333133133313313313313I)I))-

193



M L- HDBK- 1003/ 7

Table 31 (Cont.)
New Sour ce Performance Standards for |Industrial-Conmrercial-lnstitutional
St eam Generating Units Larger Than 100 MBTU HR | nput Rate

+3233333333333333333333333333333333333313331331333333331331333133333133333333133133)) »

Maxi mum *
* Pol | ut ant Fuel Speci al Conditions Enmi ssion Rate *
* I b/ MBtu *
* Nitrogen Nat ural gas Low heat rel ease rate 0. 10?2 *
* Di oxi de or distillate *
* oi | *
* Nat ural gas H gh heat rel ease rate 0. 20 *
* or distillate *
* oi | *
* Resi dual oil Low heat rel ease rate 0. 30 *
* Resi dual oil H gh heat rel ease rate 0. 40 *
* Coal Mass- f eed st oker 0.50 *
* Coal Spr eader stoker or 0. 60 *
* fluidized bed *
* combusti on *
* Coal Pul veri zed coal 0.70 *
* Lignite ND, SD, or Mr 0. 80 *
* Li gni te conbusted *
* inaslag tap *
* furnace *
* Lignite Al other lignite 0. 60 *
* Coal - deri ved --- 0.50 *
* synthetic fuels *
* Sul fur Di oxi de *
* Coal 90% r educt i on* pl us *
* 1.2 1 b/ MBtu *
* al 90% r educt i on* pl us *
* 0.80 I b/MBtu or *
* 0.30 | b/ Motu *

-3323333333333333333333333333333333333333333313333313333313331331333133133313313I)I))-

194



M L- HDBK- 1003/ 7

! An opacity limt also exists. Opacity nust not exceed 20 percent, except for one six-
m nute period per hour of not nore than 27 percent opacity.

2 For natural gas or distillate oil in a duct burner used in a conbined cycle plant, the
limt is 0.20 |b/MBtu.

3 For residual oil in a duct burner used in a conbined cycle plant, the limt is 0.40

| b/ MBt u.

4 The percent reduction requirenent is waived for facilities that have a pernmit limting
annual capacity factor on oil and coal to 30 percent or |ess.

Subpart D would still apply to any new, fossil-fuel fired steam
generating units larger than 250 MBtu/ hr heat input rate which is not covered by Subpart
Db or Subpart Da. The em ssion linits under Subpart D are presented in Table 32.

Tabl e 32

New Sour ce Performance Standards for Fossil-Fuel Fired
St eam Generating Units Larger Than 250 MBTU HR Heat |nput Rate

+333333333333333333333333333333333333331333331333331333331331331331331333133)33)) »

Maxi mum *
* One Hour Average *
* Pol | ut ant Em ssion Rate *
* I b/ MBt U *
* Sul fur Di oxi de? *
* Li qui d Fuel 0. 80 *
* Solid Fuel 1.2 *
* Particulate Matter? *
* Any Fuel 0.10 *
* Ni t rogen Di oxi de* *
* Gaseous Fuel 0. 20 *
* Li qui d Fuel 0. 30 *
* Solid Fuel (except lignite) 0.70 *
* Lignite 0.60 or 0.80 *

-3333333333333333333333333333333333331333331331133133333133313313331331333313III))-

"When conbi nations of fuel are burned sinultaneously, the applicable standard shall be
det erm ned by proration.

Sul fur Oxi des y (0.80) +z (1.2) /| (x +y + 2)
Ni trogen Oxi des x (0.20) +y (0.30) +z (0.70) / (x +y + 2)

Wiere x is the percent of total heat input derived fromgaseous fuel, y fromliquid
fuel, and z fromsolid fuel.
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2 An opacity limt also exists. Qpacity nmust not exceed 20 percent except for one six-
m nute period per hour of not nore than 27 percent opacity.

Each furnace or boiler is considered a separate unit. The Federal NSPS does
not apply to any units less than 100 million Btu/hr. This is the case even if several
units side by side add up to nore than 100 million Btu/hr. Only the state (or |ocal)
em ssion linits apply to snmall units.

State or local emission linmts will also apply the units covered by the
Federal NSPS. The facility nust be designed to neet the nobst stringent of the federal
or state emission limts. Usually the states have adopted the Federal NSPS but sone
states do have nore restrictive limts for sone pollutants, notably SO.

18.2 Water Quality Regulations. Wistewater froma power plant is regulated in two
separate ways rmuch as air pollutants are regulated. The first nmethod is by water

qual ity standards that are established for water bodies. D scharges to a water body
must be anal yzed to deternine its inpact on water quality. The second nethod is
effluent standards for each specified waste streamfromthe power plant. However, the
EPA' s regul ation of effluents frompower plants is linmted to generating units at an
establishment primarily engaged in the generation of electricity for distribution and
sale which results primarily froma process utilizing fossil-type fuel or nuclear fuel
in conjunction with a thermal cycle enploying the steamwater systemas the

t hermohydraul i c nedium Therefore, military installation would not ordinarily be
subject to the EPA's effluent guidelines and standards for steamelectric power plants.
The regul ations of the applicable state nust be exami ned for separate effluent
regulations. Only water quality standards will be addressed in this section.

The maj or Federal statute regulating water quality and wastewater discharges
is the Clean Water Act (CWA). The objective of the CWA is to restore and naintain the
chemical, physical, and biological integrity of the Nation's waters. The Environnental
Protection Agency (EPA) is responsible for adm nistering the CWA. The CWA incl udes
provisions to recogni ze, preserve, and protect the prinmary responsibilities and rights
of states and for the states to inplenment permt prograns to prevent, reduce, and/or
elimnate pollution. The EPA and the States, acting in coordination, are to devel op and
publ i sh regul ati ons specifying mni mum gui delines for public participation in such
processes.

18.2.1 Water Quality Standards. The purpose of water quality standards is to define
the water quality goals of a water body, or portion thereof, by designating the use or
uses to be nade of the water and by setting criteria necessary to protect the uses.
Water quality standards, should, wherever attainable, provide water quality for the
protection and propagation of fish, shellfish, and wildlife and for recreation in and on
the water and taken into consideration their use and value for public water supplies,
agricultural, industrial, and other purposes including navigation. States are to adopt
water quality standards to protect public health or welfare, enhance the quality of

wat er, and serve the purposes of the CWA
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States are responsible for reviewi ng, establishing, and revising water
qual ity standards. The state adopted standards nay be nore stringent than required by
Federal regulation. Under provision of the CWA, EPA is to review and approve, or
di sapprove the state-adopted water quality standards.

There are three nain factors to be considered in establishing water quality
standards. These factors are designation of uses, criteria, and antidegradation policy.

18.2.1.1 Designation of Uses. Each state nust specify appropriate water uses to be
achi eved and protected. |In designating uses of a water body and the appropriate
criteria for those uses, the state must take into consideration the water quality
standards of downstreamwaters and ensure that its water quality standards provide for
the attai nnent and mai ntenance of the water quality standards of down stream waters.
States may adopt subcategories of a use and set appropriate criteria to reflect varying
needs of such subcategories of uses. At a mninum uses are deened attainable if they
can be achieved by the inmposition of effluent limts required under Sections 301(b) and
306 of the CWA and cost-effective and reasonabl e best nanagement practices for nonpoint
source control. The state shall provide notice and an opportunity for a public hearing
prior to adding or renmoving any use or establishing subcategories of a use.

Seasonal uses may be adopted as an alternative to reclassifying a water body
to uses requiring less stringent water quality criteria.

States may renpve a designated use, which is not an existing use, or
establish subcategories of a use if the state can denonstrate that attaining the
desi gnated use is not feasible because of naturally occurring pollutants concentrations,
or natural, epheneral, intermttent, or low flow conditions or water |evels.

The state is required to conduct a use attainability analysis unless
ot herwi se exenpted in the CWA

18.2.1.2 Criteria. States are required to adopt water quality criteria that protect
t he designated use of the nmpbst sensitive use. Such criteria nust be based on sound
scientific rationale and nust contain sufficient paraneters or constituents to protect
the designated use. States nust identify specific water bodies where toxic pollutants
may be adversely affecting water quality, attainnment of a designated water use, or are
at a level to warrant concern. Were a state adopts narrative criteria for toxic
pollutants, it must provide infornmation identifying the nethod by which the state
intends to regul ate point source discharges of toxic pollutants. Toxic pollutants are
those listed by the EPA under Section 307(a) of the CWA
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18.2.1.3 Antidegradation Policy. The state is to develop and adopt a statew de

anti degradation policy and identify the nethods for inplenmenting the policy. Were the
quality of the waters exceeds the | evel necessary for the designated use, that quality
will be maintained and protected unless after the full satisfaction of the

i ntergovernnental coordination and the public participation provisions the state finds
that allowing | ower water quality is necessary to acconmpdate inportant econom c or
soci al devel opnent in the area where the waters are | ocated.

Wiere high quality waters constitute an outstanding national resource, such
as waters of national and state parks and wildlife refuges and waters of exceptional
recreational or ecological significance, that water quality shall be naintained and
protected.

Wiere a potential water quality impairment associated with a thernal
di scharge is involved, the antidegradation policy and inplenmentation nethod nust be
consistent with Section 316 of the CWA

18.2.1.4 Public Hearings and EPA Notification. The state must, at |east once every
three years, hold public hearings for the purpose of reviewi ng applicable water quality
standards and nodi fying them as appropriate. The state is to subnit the results of the
revi ew and any supporting analysis for the use attainability analyses to EPA. The

nmet hodol ogi es used for site-specific criteria devel opnent, any general policies, and
revisions to the water quality standards are also to be submitted to EPA for review and
approval .

After the state submits the officially adopted revisions, EPA notifies the
state within 60 days of approval or within 90 days of disapproval. A state water
quality standard renmains in effect, even though disapproved by EPA, until the state
revises its standard or EPA promulgates a rule that supersedes the state standard.

If the state does not adopt changes specified by EPA within 90 days after
notification of disapproval, EPA will pronptly propose and pronul gate such a standard.
In pronul gating water quality standards, EPA is subject to the same policies,
procedures, and public participation requirenments as established for states.

18.2.2 Pretreat nent Standards. EPA has al so established pretreatnent regul ations
applicable to any industrial wastewater discharges to publicly-owned sewage treatnent
works (POTW. The pretreatment regul ati ons prohibit the discharge from causing
inhibition or disruption of the receiving POTWs sewer system treatnent processes, or
operations which contribute to a violation of the NPDES permt of the POTW The
pretreatnment regul ations contain the follow ng specific prohibitions.
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a) Discharges cannot contain pollutants which create a fire or expl osion
hazard.

b) Di scharges cannot cause corrosive structural damage to the POTW In no
event can the discharge have a pH less than 5.0, unless the POTWis specifically
desi gned for such discharges.

c) Discharges cannot contain solid or viscous pollutants in anpbunts which
will cause obstruction to the flowin sewers or other interference with the operation of
the POTW

d) Discharges cannot be of such volume or pollutant strength as to
interfere with the operation of the POTW

e) Discharges may not contain heat in anounts which will inhibit biological
activity in the POTWresulting in interference with the proper operation of the POTW
In no event can the discharge exceed 40 C (104 F), unless specifically approved by the
POTW

If the power plant will be discharging to a POTW then coordination with the
POTWwi || be required to ensure that the facility has the capacity to accept the
di scharge and to determ ne the industrial wastewater treatnment charges.

18.2.3 Q1 Spill Requlations. Discharges of oil into any stream river, or |ake are
prohibited by the dean Water Act if the discharge is considered harnful. GOl

di scharges are considered harnful to the public health or welfare if they neet either of
the following criteria.

a) Cause a violation of applicable water quality standards.

b) Cause a film sheen upon, or discoloration of the surface of the water
or adjoi ning shorelines, or cause a sludge or enulsion to be deposited beneath the
surface of the water or upon adjoining shorelines.

To minimze the environnental effects of oil spills, a Spill Prevention,
Control, and Counterneasure (SPCC) Plan is required if the project would have an
aggregat e above ground storage capacity of oil which exceeds 1,320 gallons, a single
above ground container larger than 660 gallons, or an aggregate underground storage of
oi | which exceeds 42,000 gall ons and whi ch has discharged, or could reasonably be
expected to discharge oil in harnful quantities into nearby |akes or streans.

Appropriate contai nment and diversionary structures or equipment to prevent

di scharged oil fromreaching a navigabl e wat ercourse should be provided. One of the
followi ng systens or its equival ent should be used as a mi ni mrum
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a) Dikes, berms, or retaining walls sufficiently inpervious to contain
spilled oil.

b) Curbing.

c) Culverting, gutters, or other drainage systens.
d) Weirs, boons, or other barriers.

e) Spill diversion ponds.

f) Retention ponds.

g) Sorbent naterials.

The SPCC Plan, in addition to a discussion of the nethod used as the m ni nal
prevention standard, should include a conplete discussion of confornance to the
following listed guidelines, or if nore strict, |local regulations.

a) Facility Drainage. Drainage fromthe diked areas shoul d be restrai ned
by valves to prevent spill or |eakage fromentering into the drai nage systemunless it
is designed to handl e such | eakage. Valves used for drai nage should open and cl ose only
by manual operation.

b) Bulk Storage Tanks. Al bulk storage tank installations should be
constructed so that a secondary neans of containnent is provided for the entire contents
of tank plus precipitation.

c) Inspection. A procedure for inspection should be incorporated in the
plan. A record of the inspection, signed by the appropriate supervisor or inspector,
shoul d be nade a part of the plan and naintained for a period of 3 years.

d) Security. Al plants which handl e, process, and store oil should be
fully fenced, and entrance gates should be | ocked and guarded when the plant is not in
production or is unattended. The naster flow and drain valves, and any other val ves
permitting outward flow fromthe tanks, should be securely |locked in the closed
position. Facility lighting should be commensurate with the type and | ocation of the
facility, and consideration should be given to discovery of spills during darkness and
prevention of vandalism

e) Personnel Training. Each applicable facility should have a designated
person who is accountable for oil spill prevention and who reports to |ine managenent.
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18.3 Solid Waste Disposal. The Resource Conservation and Recovery Act of 1976
(RCRA) replaced the Solid Waste Di sposal Act. RCRA significantly expanded the scope of
the regul atory authority of EPA in the area of hazardous wastes and solid waste disposal
practices. The stated objectives of RCRA are to pronote the protection of health and
the environnent, and to conserve valuable material and energy resources. These

obj ectives are to be acconplished by certain steps including the follow ng.

18.3.1 Dunpi ng. Prohibiting future open dunping on the |and and requiring the
conversion of existing open dunps to facilities which do not pose a danger to the
envi ronment or to health.

18.3.2 Treatnment, Storage, and Disposal. Regulating the treatment, storage,
transportation, and disposal of hazardous wastes which have adverse effects on health
and the environmnent.

18.3.3 Quidelines. Providing for the pronul gation of guidelines for solid waste
coll ection, transport, separation, recovery, and disposal practices and systens.

The primary effort to inplement RCRA is the task of the individual states.

Under RCRA, all solid wastes are divided into two categories; hazardous and
nonhazardous. Sonme wastes are designated specifically as being hazardous whil e others,
including fly ash, bottom ash, and scrubber sludge, are classified as nonhazardous.
This exception for coal conmbustion wastes has been interpreted by EPA to cover other
power plant wastes which are treated or disposed of in conjunction with the ash or
scrubber sludge wastes. Consequently, the regulatory requirenents for disposal of
wast es which otherw se could be classified as hazardous can currently be sinplified by
m xi ng themwi th coal combustion wastes.

18.3.3.1 Hazardous Waste. Under RCRA the EPA was required to devel op and issue
criteria for identifying the characteristics of hazardous waste, and for listing the
hazar dous wastes which would be regulated. Al wastes at a power plant not included
within the coal conbustion waste exenption nust be tested or conpared to each of the
followi ng generic characteristics of hazardous wastes. |If the waste exhibits any of
t hese characteristics, it nmust be handl ed as a hazardous waste, unless otherw se
exenpt ed.

a) Ignitability.
b) Corrosiveness.
c) Reactivity.

d) Extraction Process Toxicity.
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At a power plant, the regeneration wastes fromwater treatnent systens and
the nmetal cleaning wastes can sonetimes nmeet the corrosiveness test with a pH bel ow 2

18.3.3.2 Totally Enclosed Facilities. A Hazardous Waste Managenent Facility (HAMF)
permit is not required for any "totally enclosed" facilities used to treat hazardous
wastes. A facility is considered "totally enclosed" if the facility is constructed and
operated in a manner which prevents the rel ease of any hazardous waste constituent into
the environnent. A covered neutralization tank is an exanple of a totally encl osed
treatment facility.

To qualify for the exception, the neutralization tank nust neet the
follow ng requirenents.

a) The neutralization tank must be in a secure area. A fence with
controll ed access around the entire generating facility would suffice

b) The neutralization tank must be inspected for equi pnent mal functions or
deterioration, operator errors, and discharges of the waste. A witten inspection plan
and | og nmust be kept.

c) The treatment process must not generate extreme heat or pressure
produce uncontrolled toxic vapors, or pose a risk of fire or explosion. The process
must be conducted so as not to danage the structural integrity of the tank

d) The tank nust be constructed of sturdy, |eakproof material and nust be
desi gned, constructed, and operated so as to prevent hazardous wastes from being spilled
or | eaked.

e) Any significant spills or |eaks of hazardous waste nust be reported to
t he EPA Regi onal Adm nistrator.

18.3.3.3 Nonhazardous Waste. RCRA classifies all nonhazardous waste di sposa
facilities as either sanitary landfills or open dunps. Open dunps are facilities that
do not provide adequate protection for health and the environnent. They are
unacceptabl e under RCRA and they were all to be up graded to a sanitary landfill or
phased out within 5 years. Sanitary landfills are disposal facilities that do provide
adequat e safeguards for health and the environnent. All nonhazardous waste di sposa
facilities, then, nmust either neet the requirenments of a sanitary landfill or nust have
been cl osed. EPA has pronul gated regul ati ons that define nore specifically the

di fference between sanitary land fills and open dunps. The portions of these
regul ati ons that would be applicable to fly ash, bottom ash, or scrubber sludge disposa
are as follows.

a) Facilities or disposal practices in a flood plain cannot restrict the
flow of a 100-year flood, reduce the tenporary water storage capacity of the flood
plain, or result in washout of solid waste
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b) Facilities or disposal practices cannot cause or contribute to the
taki ng of any endangered species or result in the destruction or adverse nodification of
the critical habitat of such species.

c) Facilities of disposal practices cannot cause a pollutant discharge in
viol ation of the NPDES programor a discharge of dredge/fill material in violation of
Section 404 or the CM and the Dredge and Fill Program Furthernore, facilities or
di sposal facilities cannot cause nonpoint source pollution that violates an approved
area wi de or statewi de water quality managenent plan.

d) Facilities or disposal practices cannot contam nate an under- ground
drinki ng water source beyond the outernost perineter of the disposed solid waste as it
woul d exist at the conpletion of all disposal activity.

e) Facilities cannot dispose of wastes containing cadmiumw thin 3 feet of
the surface of |land used for the production of food-chain crops unless the application
of such wastes conplies with the conplex requirenents of 40 CFR Section 257. 3-5,
Criteria for dassification of solid waste disposal facilities and Practices.

f) Facilities or disposal practices nust ninimze the popul ati on of disease
vectors through periodic application of cover material or other techniques as
appropriate so as to protect public health.

g) Facilities or disposal practices cannot engage in open burning.

h) The concentration of explosive gases cannot exceed 25 percent of the
| ower explosive linit for such gases in facility structures and cannot exceed the | ower
explosive limt at the site boundari es.

i) Facilities or disposal practices cannot pose a hazard to the safety of
persons or property fromfires.

j) Facilities located within 10,000 feet of any airport runway used by
turbojet aircraft or within 5 000 feet of any airport runway used only by piston-type
aircraft cannot pose a bird hazard to aircraft.

k) Facilities or disposal practices cannot allow uncontrolled public access
to the facility.

In addition to the solid waste regul ati ons al ready described, EPA has
drafted solid waste guidelines to describe recommended considerations and practices for
the location, design, construction, operation, and nai ntenance of solid waste |andfill
di sposal facilities. EPA has issued a proposed set of guidelines for burial of solid
waste, (Federal Register Volune 44, page 18138, March 26, 1979) but has not yet issued
gui del i nes for surface inpoundnents (e.g., ash ponds) or |andspreading operations for
solid waste disposal. Recommendations are made in the proposed guidelines for landfill
di sposal of solid waste, in the follow ng areas.

a) Site Selection.

b) Design.

c) Leachate Control.

d) Runoff Control.

e) Operation.

f) Monitoring.

Each area is covered in detail. The current set of guidelines shall be
referred to when a solid waste disposal landfill facility is needed.
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18.4 Dredge and Fill Regulations. The Rivers and Harbors Act of 1899 (RHA) grants
authority for the control of structures in navigable waters to the Secretary of the Arny
and, through delegation, to the Corps of Engineers. Under the command of the Chief of
Engi neers, the Corps of Engineers adm nisters the civil functions of the Departnent of
the Army. The administrative organi zation of the Corps of Engineers for the United
States and its possessions consists of 11 "divisions" and 36 "districts" based on

wat er shed boundaries of principal rivers or other hydrol ogic boundary linmts. Each

Di vi sion, headed by a Division Engineer, is subdivided into Districts headed by District
Engi neers. District Engineers are responsible for all Federal civil works functions
within the boundaries of their respective Districts and report to the appropriate

Di vi sion Engineer. Division Engineers are simlarly responsible for civil works
functions within their Divisions and report to the Chief of Engineers in Washi ngton, DC.

The two major types of activities which are regulated by the Corps are
construction work or structure in navigable waters and di scharges of dredge or fill
material into waters of the United States.

18.4.1 Qbstruction or Alteration. Section 10 of the RHA prohibits the unauthorized
obstruction or alteration of any navigable water of the United States. The construction
of any structure in or over any navigable water of the United States, the excavation
fromor depositing of material in such waters, or the acconplishnent of any other work
affecting the course, location, condition, or capacity of such waters are unl awf ul

unl ess the work has been recommended by the Chief of Engineers and authorized by the
Secretary of the Arny.
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18.4.2 Harbor lines. Section 11 of RHA authorizes the Secretary of the Arny to
establ i sh harbor |ines channel -ward of which no pier, wharves, bul k heads, or other
wor ks may be extended or deposits made w thout approval of the Secretary of the Arny.

18.4.3 Di scharge of Refuse. Section 13 of the RHA provides that the Secretary of the
Arny, whenever the Chief of Engineers deternines that anchorage and navigation will not
be injured, may permt the discharge of refuse into navigable waters. |In the absence of
a permt, the discharge of refuse is prohibited. Wile the statutory prohibition of
this section is still in effect, the Secretary of the Arny has waived its Section 13
permit authority in view of the permt authority provided the EPA Adninistrator under
Sections 402 and 404 of the CWA

18.4. 4 Requl atory Program The Corps has consolidated its civil regulatory functions
into one regulatory programso that one permt will constitute the authorization
required by all the various statutes adninistered by the Corps.

General categories of activities that are covered by the Corps' Regul atory
Program are as foll ows.

a) Dans or dikes in navigable waters of the United States.

b) Oher structures of work including excavation, dredging, and/ or
di sposal activities.

c) Activities that alter or nmodify the course, condition, |ocation, or
capacity of a navigable water.

d) Construction of artificial islands, installations, and other devices on
the outer continental shelf.

e) Discharges of dredged or fill nmaterial into waters of the United States.

f) Activities involving the transportation of dredged material for the
pur pose of disposal in ocean waters.

The authorization required for activities subject to the Corps' regulatory
program can be either a general or individual permit. The Corps of Engineers is
authorized to issue general permits on a state, regional, or nationw de basis for a
category of activities which are essentially sinilar in nature, and will cause only
m ni nal adverse environnmental effects when perforned separately, and will have only
m ni mal cumul ative adverse effects on the environnent. General permits can be issued on
either a nationw de or regional basis. Since a general permt is "automatically" issued
upon conpliance with certain conditions, a permit application is not necessary to obtain
a general permt. However, Division Engineers can override general permts and require
the activity to be authorized by an individual permt. |Individual pernits are issued
following a case-by-case review of the project and a deternination that the proposed
activity is in the public interest.
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18.4.5 State Permit Program The individual states may request to admnister the
dredge and fill permt programw thin their jurisdiction, but only for ultra state
waters. To request this delegation, the Governor of the state nust subnit a request to
the EPA Adm ni strator which includes a full and conplete description of the programthe
state proposes to adm nister. EPA w Il reviewthe application and statutory authority
of the state, and will notify the Corps of Engineers when the program has been approved.
The Corps of Engineers will transfer to the state pending applications for the state to
i ssue the appropriate pernits.

The state nmay al so el ect to adninister and enforce the issuance and
enforcement of the general permits issued by the Corps of Engineers. This enforcenent
will be effective when the state receives approval of its programfrom EPA and gives
notification to the Corps of Engineers. Upon receipt of the notice, the Corps of
Engi neers will suspend the adm nistration and enforcenent of the general permt
activities within the state.

Par agraph 18.5 descri bes each of the three types of pernits - nationw de
permits, regional permts and individual permts and the considerations required of each
type of permt.

18.4.6 EPA guidelines. The EPA dredge and fill guidelines nust be used by the Corps
of Engineers to evaluate the effects of the proposed discharge of dredge and fill
material. The fundanental precept of this reviewis that the discharge should not be
approved unless it can be denmonstrated that such a discharge will not have an

unaccept abl e adverse i npact.

Under these guidelines, the Corps of Engineers cannot issue a pernmt for the
di scharge under the follow ng circunstances.

a) No discharge of dredge or fill material can be pernitted if there is a
practicable alternative to the proposed di scharge which woul d have | ess adverse i npact
on the aquatic ecosystem so long as the alternative does not have other significant
adver se environmental consequences.

b) No discharge of dredge or fill material can be pernmitted if it would
cause or contribute to a violation of any water quality standard, toxic effluent
standard, or any requirenent inposed by the US Departnent of Conmmerce to protect any
mari ne sanctuary.

c) No discharge of dredge or fill material can be permtted if it
j eopardi zes the continued existence of any |listed endangered or threatened species, or
results in the likelihood of the destruction or adverse nodification of a critical
habitat. |If an exenption for the project is obtained fromthe Endangered Species
Committee, then the permit can be issued but must contain the conditions of the
exenpti on.
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d) No discharge of dredge or fill material can be pernmitted which would
cause or contribute to significant degradation of any waters of the United States. The
gui delines specify that significantly adverse effects upon the following itens nust be
consi der ed.

(1) Human health and wel fare.

(2) Life stages of aquatic life and other wildlife dependent on aquatic
ecosyst ens.

(3) Aquatic ecosystemdiversity, productivity, and stability.

(4) Recreational, esthetic, and econom c val ues.

e) No discharge of dredge or fill material can be pernitted unless
appropriate and practicabl e steps have been taken which will nminimze potential adverse
effects on the ecosystem
18.5 Pernmits
18. 5. Envi ronnental | npact Statenents

18.5.1.1 NEPA. The National Environnmental Policy Act (NEPA) requires that all najor
Federal actions which significantly affect the quality of the hunman environment must be
acconpani ed by an Environnental |npact Statenent (EI'S) which eval uates the follow ng.

a) The environnmental inpact of the proposed action.

b) Any adverse environmental effects which cannot be avoi ded should the
proposal be inpl enent ed.

c) Alternatives to the proposed actions.

d) The relationship between | ocal short-termuses of nan's environnment and
t he mai nt enance and enhancenent of |ong-term productivity.

e) Any irreversible and irretrievable conm tment of resources which woul d
be involved in the proposed action should it be inplenented.

18.5.1.2 CEQ Federal regulations inplenenting NEPA have been promul gated by the
Council on Environnental Quality (CEQ. A new fossil-fuel ed steam power plant on a
mlitary facility would be a "major Federal action." A deternination nmust be made

whet her the Federal action "significantly affects" the quality of the hunman environnent.
This determ nation of the significance of the project's inpacts requires consideration
of the context and intensity of the effects of the entire project on the environnent.
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This decision is usually nade as a case-by-case basis. The Navy can prepare an

Envi ronnental Assessnent (EA) to assist it in making the inpact significance

determ nation. An EA should include a brief discussion of the need for the proposed
project, project alternatives, the environnmental inpacts of the proposed projects and
its alternatives, and a listing of agencies and persons consulted during preparation of
the EA

18.5.1.3 Environnental Inpact Statenents. |f the EA's conclusion is that the proposed
project would not significantly affect the human environment, the agency will issue a
Finding of No Significant Inpact (FONSI) and no EIS is necessary. |f the EA concl udes
that the proposed project will significantly affect the hunman environment, the agency
will proceed to prepare an ElS.

18.5.1.4 Federal Register. If the Navy commits itself to prepare an EI'S, it nust
publish a notice of such intent in the Federal Register describing the proposed action,
possi bl e alternatives, and the scoping process. The notice should include whether,
when, and where any scoping neeting will be held, and state the nane and address of a
person within the agency who can answer any questions concerning the action.

18.5.1.5 Format. The CEQ regul ations specify the following fornat and general
informati on categories to be contained in an ElS.

a) Cover Sheet - This single page must include a list of all Federal
agencies involved in the EIS preparation; the title of the proposed action; the nane,
address, and tel ephone nunber of the person to con tact for nore information; a
desi gnator of whether the EISis a draft, final, or draft/final supplenent; a one
par agraph abstract; and the date by which comrents nust be received.

b) Summary - This section nust accurately and adequately summarize the EI S
and nust stress the major conclusions and any renmi ning issues to be resol ved.

c) Purpose and Need - This section must briefly specify the underlying
purpose and need for the project.

d) Alternatives - This section should conpare the environnmental inpacts of
the proposal and the alternatives. Al reasonable alternatives nmust be rigorously
expl ored and objectively evaluated. The reasons behind the elimnation of any
alternative nmust be disclosed. These alternatives nust include the alternative of no
action and all reasonable alternatives not within the jurisdiction of the Navy. Each
remai ning alternative nmust be considered and discussed in depth. The preferred
alternative nust be identified. Appropriate mitigation measures nust be included.
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e) Affected Environnent - This section nmust sufficiently describe the
environment of the area(s) to be affected or created by the alternatives under
consi derati on.

f) Environmental Consequences - This section must include a discussion of
the environnental inpacts of the proposal and its alternatives, any adverse
envi ronment al effects which cannot be avoided, the relationship between the short-term
uses of man's environment and the nai ntenance and enhancement of |ong-term productivity,
and any irreversible or irretrievable commtnent of resources. The discussion should
include direct and indirect effects and their significance, possible conflicts between
the proposal and the objectives of any affected governnmental unit, environnental
effects, energy and natural or depletable resource requirenments and conservation
potentials. Also include urban quality, historic, and cultural resources and the design
of the built environnent, including the reuse and conservation potentials, nitigation
neasur es.

g) List of preparers
h) I ndex.

i) Appendices - This section consists of material which is prepared for,
substantiates, or is incorporated by reference in the ElS.

18.5.1.6 Draft EIS. Wen the draft EISis conpleted, it is filed with EPA. The EPA
then files a copy with the Council and publishes a notice in the Federal Register of the
filing.

18.5.1.7 Coordination. The draft EISis circulated to any other Federal agency which
has jurisdiction by |aw or special expertise with respect to any environnmental inpact
involved; to any Federal, state, or |ocal agency authorized to devel op and enforce
envi ronnment al standards; and to anyone requesting the EIS. The m ni num comment period
is 45 days.

18.5.1.8 Resolution. The Navy nust respond in the final EIS to all conments upon the
draft EIS. Possible responses are nodifications to the alternatives including the
proposal ; devel opment and eval uation of new alternatives; supplenments, inprovements, or
nmodi fications to its anal yses; factual corrections; and expl anations why the comrent(s)
did not warrant further Navy response.

18.5.1.9 Final Coment. The final EI'S nust also be circulated for conmments to all
those who received copies of the draft as well as to those who nmade substantive comments
upon the draft EIS. The final EISis filed with EPA. The EPA then files a copy with
the Council and publishes a notice in the Federal Register of the filing.

18.5.1.10 Time Period. The Navy nust consider its decision for at |east 90 days after
the Federal Register notice of the filing of the draft EIS or 30 days after the Federal
Regi ster notice of the filing of the final EIS, which is later. These periods may run
concurrently.
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18.5.2 Alr Permts

18.5.2.1 New Source Permts. A permt under the Federal Cean Air Act nay be required.
This permit is called a "new source review' although it is also frequently called a "PSD
permit" for prevention of significant deterioration. Actually a new source review can
involve both a PSD pernmit and a nonattainnent review. The pernmit is required before
construction begins on the power plant.

The new source review is a rather conplex process. A nunber of steps nust
be acconplished for each pollutant to be emtted. Figure 47 presents the principal
steps in the new source review process. Different pollutants may take different paths
t hrough the process even though they nay be fromthe sanme source. For instance, if the
area where the source is located is attainment for sulfur dioxide but nonattainment for
particulate matter, then SO, will follow PSD requirenments while particulate matter wll
follow the nonattai nment path of offsets and Lowest Achi evabl e Eni ssion Rate (LAER).

The PSD programis triggered in clean air areas where the proposed unit is
larger than 250 million Btu per hour heat input rate and has a potential to emt 100
tons per year or nore of SO, NOx, or particulate matter. |If the unit is |less than 250
mllion Btu per hour heat input rate, it will not be regul ated under the PSD program
unless it has the potential to enit 250 tons per year or nore of any of the pollutants.
However in this case the emission fromseparate new units or nodifications on the sane
site will be added together. Even if a unit is not subject to the Federal NSPS, it may
need a PSD permt. Conversely, a unit nay be subject to the NSPS but not need a PSD
permt.

18.5.2.2 Purpose. The purpose of the PSD Programis to ensure that new maj or sources
of air pollution do not significantly degrade existing anbient air quality. |In order to
achieve this goal, construction of new najor source cannot commence until after

recei ving approval from EPA or a state which has been del egated PSD aut hority by EPA.
The following requirenments nmust be fulfilled before a PSD pernit can be issued.

a) Appropriate emission limtations have been established.
b) The proposed pernmit has been duly reviewed and a public hearing is held
with opportunity for interested persons to appear and subnit witten or oral

presentations on the air quality inpact of the source, alternatives, control technol ogy
requirements, and other appropriate considerations.
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c) Em ssions fromconstruction or operation of the facility nust be shown
not to cause or contribute to air pollution in excess of the allowable increnents or
al | owabl e concentration nore than once per year, any national anmbient air quality
standard, or any applicable em ssion standard or standard of perfornance.

d) The facility is subject to best available control technol ogy.
e) Cdass | areas are protected.

f) An analysis of air quality inpacts projected for the area as a result of
growt h associated with the facility is performed.

g) An agreenent is reached to conduct necessary anbient air quality
nmoni tori ng.

18.5.2.3 De Mnims Amunts. Once a unit is determined to require a PSD pernit, then
the reviewwill extend to all pollutants which exceed the follow ng "de mnims"
anount s.

Pol | ut ant Em ssion Rate
tons per year
Car bon Monoxi de 100
Ni trogen Oxi des 40
Sul fur Di oxi de 40
Particul ate Matter
Tot al 25
PM 10 15
Ozone (Vol atile Organi ¢ Conpounds) 40
Lead 0.6
Asbest os 0. 007
Beryl | i um 0. 0004
Mer cury 0.1
Vi nyl Chloride 1
Fl uori des 3
Sul furic Acid M st 7
Hydr ogen Sul fide (H,S) 10
Total Reduced Sul fur (Including HS) 10
Reduced Sul fur Conpounds (I ncluding HS) 10

18.5.2.4 Best Available Control Technology. ©One of the PSD pernmit requirenents |isted
earlier was that the facility nmust be designed in accordance with best avail able control
technol ogy (BACT). BACT requires the inposition of em ssion controls capable of at

| east conplying with the applicable new source perfornance standards and with all
applicable state enmission limtations. Frequently, the BACT reviewwill result in a
permitted enmission limtless than the new source perfornmance standards. The BACT
requirement will be applied on a pollutant-by-pollutant basis. BACT is required for
each pollutant emitted by a major source if the allowable em ssions are in excess of de
m nini s amounts specified above.
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18.5.2.5 Cdass | Areas. A PSD pernit will not be issued if the proposed source wll
have an adverse inpact on visibility within any protected Class | area or integral
vista. An adverse inmpact on visibility is defined as visibility inpairnent which
interferes with the nanagenent, protection, preservation, or enjoynent of a visitor's
experience of a mandatory Cass | area.

18.5.2.6 Anbient Air Data. An analysis of anmbient air quality at the site nust be
conducted as part of the PSD review Consequently, the PSD permt application nust
contain continuous air quality nmonitoring data for each pollutant enmitted in excess of
the de minims anounts. However, the nonitoring requirenment is waived for any poll utant
if the em ssions fromthe proposed source woul d have naxi mum nodel ed air quality inpacts
Il ess than certain anpbunts specified by the EPA. Although a year of nonitoring data is
usual ly required, a shorter period of data can be accepted if a conplete and adequate
anal ysis can be perfornmed. The EPA regul ations specify that at |east 4 nonths of
nmonitoring data are required.

EPA is granted a period of one year fromreceipt of a conplete PSD pernit
application to make a final determination. EPA will examine the initial PSD permt
application and within 30 days will advise the applicant of any deficiency in the
application or additional information required. 1In the event of a deficiency, the date
of receipt of the application is the date all information is provided, and not the
initial filing date. The general outline for consideration and issuance of the approval
is as follows.

a) Aprelininary determnation is made to approve, approve with conditions,
or di sapprove the request.

b) Make available all materials provided by applicant, a copy of
prelimnary determ nation, and other materials used.

c) Notify public of the application, determ nation, and anmount of increnent
consuned, and advi se of opportunity for hearing.

d) Send a copy to other Federal, state, and |ocal agencies.

e) Provide opportunity for public hearing on air quality inpact,
alternative to the source, the control technol ogy required, and other appropriate
consi derati ons.

f) Consider all coments and issue final determ nation.

18.5.2.7 Nonattainment Areas. |If the project's em ssions significantly affect anbient
concentrations of a nonattainment pollutant within the nonattainment area, the project

will be subject to a nonattainnent review for that pollutant. The project's eni ssions

are deenmed to significantly affect a nonattainnent area if the anbient air quality

i npact of those em ssions exceed the val ues shown in Table 33.
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Tabl e 33
Si gni fi cance Levels (in mcrograns per cubic neter)

+32333331313333333313333333333333331333331333133333133133313313331331331333133)33)) »

* Pol | ut ant Aver agi ng Ti nes

* Annual 24- hour 8- hour 3- hour 1- hour

* S0, 1.0 5 -- 5 -- *
* TSP 1.0 5 -- -- -- *
* NOX 1.0 -- -- -- -- *
* CO -- -- 500 -- 2,000 *

-33233333333333333333333333333333333333313333313333313331331333133133313313I)I))-

The foll owing denpnstrations are required by a nonattai nment review

a) The project will conply with the | owest achievable enission rate (LAER).
LAER is defined as the nore stringent of 1) the nost stringent enmissions limtation
i mposed by any state on a simlar source unless proven not to be achievable, or 2) the
nmost stringent emissions limtation achieved in practice by a simlar source.

b) The owner or operator of the proposed source must denonstrate that all
maj or stationary sources owned or operated by such person (or by an entity controlling,
controlled by, or under comon control with such person) in the state are subject to
em ssion lintations and are in conpliance, or on a schedule for conpliance, with all
appl i cabl e Federal and state em ssion linitations and standards.

c) The owner or operator of the proposed source must obtain sufficient
em ssion reductions to offset the inpacts within the nonattai nnent area of the source's
em ssions of the nonattainnent pollutant. Air quality nodeling nmust predict the
em ssion offsets will cause a positive net air quality benefit in that portion of the
nonattai nment area affected by enissions fromthe proposed source.

d) The nost stringent emissions limtation inmposed by any state on a
simlar source unless proven not be achievabl e.

e) The nobst stringent emissions limtation achieved in practice by a
simlar source.
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18.5.2.8 Local Permits. A separate state or local construction and operating permt
may be needed for the power plant. Consult the air pollution control agency in the
state where the power plant will be built.

18.5.3 Wastewat er Di scharge Pernmit. Any point source discharge of a pollutant to the
navi gabl e waters not authorized by a National Pollution Discharge Elimnation System
(NPDES) pernit is unlawful. Permits will be issued by EPA only if the applicable
effluent limtations are net.

18.5.3.1 State Pernit Program EPA nay authorize a state to carry out the provisions
of the permit programif the state can show it has enacted | egislation and regul ations
to conformto the guidelines pronul gated by EPA. About thirty of the states have been
approved for this delegation. |In these not approved, both the NPDES pernit and a
separate state wastewater discharge pernmit will be required.

18.5.3.2 Federal License or Permit. Applicants for a Federal license or permt to
conduct any activity which may result in any discharge into the navigable waters are
required to provide the permtting agency a certification, fromthe state in which the
di scharge originates, that any such discharge will conply with applicable provisions of
the Clean Water Act (CWA). |n any case where a state or interstate agency has no
authority to give such a certification, the certification should be fromthe EPA

Adm nistrator. No license or permt nmay be granted until the certification has been
obt ai ned or wai ved by the appropriate agency.

EPA, when issuing a permt, is authorized to prescribe conditions on
the permit to assure conpliance with applicable effluent linitations including
conditions on data and information collection, reporting, and other such requirements as
it deens necessary.

EPA is directed to promul gate guidelines for determ ning the
degradation of the waters of the territorial seas, the contiguous zone, and the oceans.
No NPDES permit will be issued except in conpliance with these guidelines for discharges
into water of these seas, contiguous zones, or oceans.

18.5.3.3 New Source. Any person who proposes to discharge pollutants and does not have
an effective permt nust conplete an NPDES application.

EPA has specified that the foll owi ng construction activities result in
a new source.

a) Construction of a source on a site at which no other source is
| ocat ed, or

b) Construction on a site at which another source is located of a
bui l ding, structure, facility, or installation fromwhich there is or nay be a di scharge
of pollutants, the process or production equi pnent that causes the discharge of
pollutants fromthe existing source is totally replaced by this construction, or the
construction results in a change in the nature or quantity of pollutants discharged.
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c) Construction on a site at which an existing source is |ocated
results in a nodification rather than a new source if the construction does not create a
new buil di ng, structure, facility, or installation fromwhich there is or nay be a
di scharge of pollutants but otherw se alters, replaces, or adds to existing process or
production equi prent .

Construction of a new source is considered to have comenced when the
owner or operator has begun or caused to begin as part of a continuous on-site
construction program

a) Any placenent, assenbly, or installation of facilities or
equi pnent .

b) Significant site preparation work which is necessary for the
pl acenent, assenbly, or installation of new source facilities or equipnent.

c) Entering into a binding contractual obligation for the purchase of
facilities or equi pment which are intended for use in its operation within a reasonable
tinme.

18.5.3.4 Environnmental |Inpact Statenent. No on-site construction of a new source, for
whi ch an Environnental Inpact Statement (EIS) is required, is to conmence before all
appropriate ElS-related requi rements have been incorporated in the project and a final
permit is issued, or, before execution of a legally binding witten agreement by the
applicant requiring conpliance with all such requirenments, unless EPA determ nes that
such construction will not cause significant or irreversible adverse environnental

i mpact .

No on-site construction of a new source for which an EIS is not
required may comrence until 30 days after the issuance of a finding of no significant
i mpact unl ess EPA determi nes that the construction will not cause significant or
irreversible adverse environ nmental inpact.

18.5.3.5 Violation of Regulations. The pernmt applicant nust notify EPA of any on-site
construction whi ch begins before the above specified tines. If on-site construction
begins in violation of regulations, the owner or operator is proceeding at its own risk
and such construction activity constitutes grounds for denial of a pernmit. EPA may al so
seek a court order to enjoin construction in violation.

18.5.3.6 Storm Sewers and Conveyances. Separate storm sewers are point sources subject
to the NPDES pernit program which may be pernitted either individually or under a
general pernit. Separate stormsewer is defined as a conveyance or system of
conveyances (including pipes, conduits, ditches, and channels) used primarily for

col l ecting and conveyi ng storm water runoff.
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Conveyances whi ch di scharge stormwater runoff contam nated by contact with
wastes, raw materials, or pollutant-contam nated soil, fromlands or facilities used for
industrial or commercial activities, into waters of the United States or into separate
storm sewers are point sources that rust obtain NPDES permts.

18.5.3.7 Filing Date. EPA requires an application for a NPDES pernmit to be filed at
| east 180 days before the discharge is to begin. However, in view of the environnental
revi ew required of new sources, EPA recommends filing nuch earlier.

18.5.3.8 NPDES Permit. The NPDES permit application consists of two consolidated
forms. Form1l is a general information formabout the applicant the proposed facility.
The other part of the NPDES pernit application for a proposed facility is to adapt Form
2C (for existing facilities) to reflect the fact that there are no discharges fromthe
proj ect yet.

EPA wi Il not issue an NPDES permt under any of the follow ng circunstances.

a) Wen the conditions of the permit do not provide for conpliance with the
applicable requirenents of the CWA or regul ations pronul gated under the CWA

b) When the applicant is required to obtain a state or other appropriate
certification under Section 401 of the CWA and that certification has not been obtained
or wai ved.

c) Wien the inposition of conditions cannot ensure conpliance with the
applicable water quality requirenents of all affected states.

d) Wen in the judgnent of the Corps of Engineers, anchorage and navigation
in or on any of the waters of the United States woul d be substantially inpaired by the
di schar ge.

e) For the discharge of any radiological, chemcal, or biological warfare
agent or high-level radioactive waste.

f) For any discharge inconsistent with a plan or plan anendnent approved
under Section 208(b) of the CWA

g) To a new source of a new discharger, if the discharge fromits
construction or operation will cause or contribute to the violation of water quality
standards. A NPDES permit will be issued for a termnot to exceed five years. The
conditions of an NPDES pernit issued to a source which is subject to a new source
performance standard (NPDES) cannot be nade nore stringent for the shortest of the
follow ng intervals.
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(1) Ten years fromthe date that construction is conpleted.

(2) Ten years fromthe date the source begins to di scharge process or
ot her nonconstruction-rel ated wast ewat er.

(3) The period of depreciation or anortization of the facility for the
purposes of Section 167 or 169 (or both) of the Internal Revenue Code of 1954.

However, the protection fromnore stringent conditions does not extend to
limtations not based upon technol ogi cal considerations (e.g., conditions based upon
conmpliance with water quality standards or toxic effluent standards) or to
t oxi ¢/ hazardous pollutants not subject to any limtation in the applicable new source
per f ormance st andard.

18.5.3.9 NPDES Pernmit Conditions. The follow ng conditions are applicable to all NPDES
permits.

a) The pernittee nust conply with all conditions of the permt. Failure to
do so is grounds for enforcement action; for permt termnation, revocation and
rei ssuance, or nodification; or for denial of a permt renewal application. Violation
of any permit condition will not be excused on the grounds that it would have been
necessary to halt or reduce the permtted activity in order to remain in conpliance.

b) The pernittee nust take all reasonable steps to minimze or correct any
adverse inmpact on the environment resulting fromnonconpliance with the permt.

c) The pernittee nust at all tines properly operate and maintain all
facilities and systens of treatment and control (and rel ated appurtenances) which are
installed or used by the permttee to achieve conpliance with the conditions of the
permit. Proper operation and mai ntenance includes effective perfornmance, adequate
fundi ng, adequate operator staffing and training, and adequate |aboratory and process
controls, including appropriate quality assurance procedures. This condition requires
the operation of backup or auxiliary facilities or simlar systems only when necessary
to achi eve conpliance with the conditions of the pernmit.

d) The pernit does not grant any property rights or any exclusive
privil ege.

e) The pernittee nust allow EPA or its authorized representative, upon the
showi ng of any documents required by law, to conduct the follow ng actions.
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(1) To enter upon the pernmittee's prem ses.

(2) To have access to and copy any records required by the permt.
(3) To inspect any activities regulated by the permt.

(4) To sanple any waste streans regul ated by the permt.

f) The permttee nmust provide EPA with any requested informati on pertinent
to any pernmit action contenplated by EPA

g) Al sanples and neasurenents taken for the purpose of nonitoring nust be
representative of the nonitored activity.

h) Al nonitoring records nust be kept for a mninumof three years. This
period can be extended by EPA. Monitoring records include the followi ng data.

(1) The date, exact place, and tinme of sanpling or nmeasurenents.
(2) The individual (s) who perforned the sanpling or neasurenents.
(3) The date(s) anal yses were performed.

(4) The individual (s) who perforned the anal yses.

(5) The analytical techniques or nethods used.

(6) The results of such anal yses.

i) The pernittee nust notify EPA of any planned changes to the facility,
any antici pated nonconpliance, and any permt transfer. Any nonconpliance which may
endanger health or the environment must be reported verbally to EPA within 24 hours and
a witten report nmust be submitted within five days.

Al nonitoring nust be conducted according to test procedures approved by

40 CFR 136, Quidelines establishing test procedures for the analysis of pollutants,
unl ess other procedures are specifically approved by EPA

j) Al nonitoring results nust be reported on a Discharge Mnitoring Report.
Al'l averages must be done on an arithnetic basis. Al results nust be reported.

k) Any unantici pated bypass or upset which exceeds any permt effluent
limtation nust be reported to the EPA within 24 hours.
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Nonconpl i ance caused by a bypass can be an actionabl e violation, but nonconpliance
caused by an upset will always be excused. A bypass is an intentional diversion of a
waste stream fromany portion of a treatnment facility when there are no feasible
alternatives to bypassing and it is necessary to bypass in order to avoid loss of life,
personal injury, or severe property damage. An upset is an exceptional incident in
which there is unintentional and tenporary nonconpliance with technol ogical |l y-based
effluent linitation because of factors beyond the reasonable control of the permttee.
An upset does not include nonconpliance caused by | ack of preventive maintenance;

carel ess or inproper operation; or |lack of backup equi pnent for use during nornal

peri ods of equi prent downtine or preventive maintenance. The permt can also require
reporting within 24 hours of violation of a maximumdaily discharge limtation for any
pol l utant of special concern to EPA

The permit will specify requirenents concerning the nonitoring equi pnent
(e.g., proper use, nmintenance, and installation), nonitoring activities (e.g., type,
intervals, and frequency), and the reporting of nonitoring results. The permt wll
contain requirements to nmonitor the mass (or other neasurenent related to any effluent
limtation) for each pollutant regulated by the permit, the volunme of effluent
di scharged fromeach outfall and any other rel evant information.

18.5.4 Gl Spill Plan. A Spill Prevention, Control, and Counternmeasure (SPCC) Plan
is required if the project would have an aggregate underground-aboveground storage
capacity of oil which exceeds 1,320 gallons, a single aboveground container |arger than
660 gal l ons, or an aggregate underground storage of oil which exceeds 42,000 gall ons and
whi ch has di scharged, or could reasonably be expected to discharge oil in harnful
quantities into nearby |l akes or streans. Alnost all power plants have this nuch oil
after transformer oils and |ube oils are considered. The SPCC Pl an need not be
submtted but merely available to the EPA for inspection at the plant.

The SPCC nust be prepared within 6 nonths after the plant begins operation
and nust be inplenmented not later than one year after the plant begins operations. |If
the plan is not conpleted on tine, a request can be nade to the EPA Regi onal
Admi nistrator for an extension. The plan nust be reviewed by a registered Professional
Engi neer (PE), and he nust attest that the SPCC Pl an has been prepared in accordance
with good engi neering practices. EPA has proposed revisions to the SPCC Pl an
regul ations. The changes would require the SPCC Plan to be fully inplenmented when the
pl ant begi ns commerci al operation. The PE certification would also include a statenent
that the SPCC Pl an conforns to the requirenments of EPA's regul ations.

Wer e experience indicates a reasonable potential for equipnent failure
(such as tank rupture, overflow, or |eakage), the plan should include a prediction of
the direction, rate of flow, and total quantity of oil which could be discharged from
the facility as a result of each major type of failure.
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18.5.5 Solid Waste Disposal Permit. |f any hazardous wastes are stored, treated, or
di sposed of by nethods other than those described above, a Hazardous Waste Managenent
Facility (HWWF) permt must be obtained fromEPA. Conpliance with the follow ng
requirements is a prerequisite for obtaining the permt.

a) The HWWF nust be in a secure area.

b) The HWWF nmust be inspected for equi pnent mal functions or deterioration,
operator errors, and discharges. A witten inspection plan and | og nust be kept.

c) Unless EPA agrees that such equi pment is not necessary, the HWF nust
have an alarm systemto warn personnel of energencies, a nethod of sumoni ng energency
assi stance, and access to energency equipnent.

d) A contingency plan nust be prepared. The contingency plan must be
designed to mnimze hazards of hunman health and the environment fromfires, explosions,
or any unpl anned rel ease of hazardous waste.

e) Awitten operating record is required, and a biannual report nust be
filed with EPA.

f) Al personnel nmust be trained to handl e the hazardous waste safely and
in conpliance with all permt requirements and conditions.

g) Al hazardous waste managenent activities must be conducted at |east 200
feet fromany fault which has had displacenent in the Hol ocene tine. Facilities in
jurisdictions other than those listed in Appendix VI of 40 CFR 264 are assunmed to conply
with this requirenent.

h) Al hazardous waste managenent facilities located in a 100-year fl ood
pl ai n must be designed, constructed, operated, and nmintained to prevent washout of any
hazardous waste by a 100-year flood, unless washout of the waste would have no adverse
effects on human health or the environment, or unless the waste can be safely noved to
an upland site before flood waters can reach the facility.

i) A ground water nonitoring program neeting the requirenments of 40 CFR
264.98 is required for any surface inpoundnment, waste pile, land treatnent facility, or
landfill which handl es hazardous waste unl ess EPA determines that there is no potenti al
for mgration of |eachate fromthe hazardous waste facility to the uppernost aquifer, or
unless the facility is exenpted from ground water nonitoring because of its design
(e.g., landfills are exenpted fromground water nonitoring if they have a double |iner
system |l ocated entirely above the seasonal high water table, a | eak detection system
|l ocated between the liners, and a | eachate collection and renoval system|ocated on top
of the uppernost liner).

221



M L- HDBK- 1003/ 7

j) Awitten closure plan nust be prepared. The closure plan shoul d
m ninmize the need for further maintenance and the post closure escape of hazardous waste
constituents.

k) A witten estinate of the cost of inplenenting the closure plan and of
post-closure nonitoring and mai ntenance nust be prepared. Financial assurance for
cl osure of the HWWF nust be provided through a trust fund, surety bond, letter of
credit, insurance, a conbination thereof, or self-insurance.

1) The HWF nust be covered by liability coverage in the amount of at |east
$1 nmillion (exclusive of |egal defense costs) for clainms arising fromsudden and
acci dental occurrences that cause injury to persons or property. The HWF nust al so
have liability coverage in the anobunt of at least $3 million per occurrence with an
annual aggregate of at least $6 million (exclusive of |legal costs) for clainms arising
from nonsudden acci dental occurrences that cause bodily injury or property damage. This
liability coverage can be provided by liability insurance and/or self-insurance.

m Landfills and surface inpoundnents used to store, treat, or dispose of
hazar dous waste must have a ground water protection plan unless the facility has a
doubl e liner equipped with a | eak detection systemor the EPA deter nines that there is
no potential for migration of liquid fromthe facility to the uppernost aquifer. The
ground water protection plan nmust consist of the follow ng three phases.

(1) A ground water sanpling programto detect the presence of |eachate
cont ai ni ng hazardous constituents at the conpliance point.

(2) If leachate is detected, a conpliance ground water nonitoring
program nmust be initiated.

(3) Whenever a ground water protection standard is exceeded, a
corrective action program nust be initiated.

The EPA has al so issued the follow ng regul ati ons governi ng waste handl i ng
practices or equi pnent at new HW/Fs.

a) Containers--40 CFR 264.170 to 264.178.
b) Tanks--40 CFR 264.190 to 264. 199.

c) Surface |npoundnents--40 CFR 264.220 to 264. 230.
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d) Waste Piles--40 CFR 264.250 to 264. 258.

e) Land Treatment--40 CFR 264.270 to 264. 282

f) Landfills--40 CFR 264.300 to 264. 316.

g) Incinerators-- 40 CFR 264.340 to 264. 351

An estinate of the scope of the future regulations for other specific

wast e handl ing practices can be nmade upon exam nation of the follow ng regulations for
exi sting HWFs.

a) Thermal Treatnent--40 CFR 265.373 to 264. 382

b) Chemi cal, Physical, and Biol ogical Treatnent--40 CFR 265. 405

c) Underground I|njection--40 CFR 265. 430

Nonhazar dous solid waste disposal permts will be issued by the State where
the facility is located. The states standards and pernmit requirements will need to be
exam ned for specific details applicable to any proposed facility.
18.5.6 Dredge and Fill Pernmit. Dredge and fill pernmits for the Corps of Engineers
may be of three types: Nationwi de permits, regional permts, and individual permts
The first two types authorize dredge and fill without having to obtain specific approva

provided all appropriate conditions and notifications are net. The third type, the
i ndi vidual permt, nust be applied for when neither of the other two are avail able

In assessing the applicability of the Corps' regulatory programto a
proposed project activity, the follow ng definitions should be utilized.

a) Waters of the United States--This termincludes the following waters

(1) Al waters which are currently used, or were used in the past, or
may be susceptible to use in interstate or foreign comerce, including all waters which
are subject to the ebb and flow of the tide

(2) Al interstate waters including interstate wet |ands

(3) Al other waters such as intrastate |akes, rivers, streans
(including intermttent streans), nudflats, sandflats, wetlands, sloughs, prairie
pot hol es, wet meadows, playa |akes, or natural ponds, the use, degradation or
destruction of which could affect interstate or foreign comrerce, including any such
waters which are or could be used by interstate or foreign travels for recreational or
ot her purposes, or fromwhich fish or shellfish are or could be taken and sold in
interstate or foreign comerce, or which are or could be used for industrial purposes by
industries in interstate conmerce.
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(4) Al inmpoundrments of waters otherw se defined as waters of the
United States.

(5) Tributaries of any of the above waters.
(6) The territorial sea.
(7) Wetlands adjacent to any of the above waters.

Note: Waste treatment systens, including treatment ponds or | agoons designed to neet
the requirenents of CWA, are not waters of the United States. Cooling ponds, as defined
by 40 CFR 123.11(m, which also neet the criteria of this definition nay be waters of
the United States.

b) Navi gabl e Waters--This term neans those waters that are subject to the
ebb and flow of the tide and/or are presently used, or have been used in the past, or
may be susceptible for use to transport interstate or foreign conmmerce (see 33 CFR 329
for a nore conplete definition).

c) Wetlands--This termmeans areas that are inundated or saturated by
surface or ground water at a frequency and duration sufficient to support, and that
under normal circunstances, do support, a preval ence of vegetation typically adapted for
life in saturated soil conditions. Wetlands generally include swanps, marshes, bogs,
and simlar areas.

d) Adjacent--This term means bordering, contiguous, or neighboring.
Wet | ands separated fromother waters of the United States by mannade di kes or barriers,
natural river berms, beach dunes, and the |like are "adjacent wetlands."

e) Lakes--This term nmeans a standi ng body of water that occurs in a
natural depression fed by one or nore streans fromwhich a streammay flow, that occurs
due to the widening or natural blockage or cutoff of a river or stream or that occurs
in an isolated natural depression that is not a part of a surface river or stream or
tidal area. (Artificial |akes created by excavating or diking dryland to collect and
retain water for stock watering, irrigation, settling basins, cooling, or rice growng
are not included.)

f) O dinary H gh Water Mark--This termneans the line on the shore
establ i shed by the fluctuations of water and indicated by physical characteristics such
as a clear, natural line inpressed on the bank; shelving; changes in the character of
the soil; destruction of terrestrial vegetation; the presence of litter and debris; or
ot her appropriate neans that consider the characteristics of the surrounding areas.
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Q) H gh Tide Line--This termmeans the line or mark left upon tide flats,
beaches, or along shore objects that indicate the intersection of the land with the
water's surface at the nmaxi mum hei ght reached by a rising tide. The termincludes
spring high tides and other high tides that occur with periodic frequency, but does not
i ncl ude storm surges.

h) Headwat ers--This term neans the point on a national stream above which
the average annual flowis less than 5 cubic feet per second. For intermttent streans,
the criterion may be the nedian flow. That is, the point at which a flow of 5 cubic
foot per second is equal ed or exceeded 50 percent of the tine.

i) Structure--This termmeans, without limitation, any pier, wharf,
dol phin, weir, boom breakwater, bul khead, revetnent, riprap, jetty, permanent nooring
structure, power transm ssion line, pernmanently moored floating vessel, piling, aid to
navi gati on, or any other obstacle or obstruction.

Dans and Di kes--Either term neans an i npoundment structure, except a
weir, that conpletely spans a navigable water of the United States and that may obstruct
inter state waterborne commerce.

k) Work--This term neans any dredgi ng or disposal of dredged naterial,
excavation, filling, or other nodification of a navigable water of the United States.

1) Dredged Material --This termneans any material dredged or excavated
fromwaters of the United States.

Di scharge of Dredged Material--This termincludes the addition of
dredged material to a specified discharge site located in waters of the United States,
and runoff fromor overflow froma contained | and or water disposal area.

n) Fill Material--This termincludes any material used for the prinary
purpose of replacing an aquatic area with dryland or of changing the bottom el evation of
any body of water. (The discharge of wastewater is not considered fill material and is
regul ated by the NPDES Pernit Program)

0) Di scharge of Fill Material--This termnmeans the addition of any fill
material to waters of the United States. Generally, any fill nmaterial required in

connection with construction of facilities in waters of the United States is considered
a discharge of fill material.
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18.5.6.1 Nationwide Permits. Discharges of dredge and fill material into the follow ng
waters are authorized by a nationwide permit: 1) Non-tidal rivers, streans, and their

| akes and i npoundrments, including any adjacent wetlands, that are | ocated above the
headwat ers, and 2) Other non-tidal waters that are not part of a surface tributary
systemto interstate or navigable waters.

However, a state can revoke a nationwi de permt by refusing to grant the
water quality certification required by Section 401 of the CWA

This type of nationwi de permt requires conpliance with the follow ng
condi tions.

a) The discharge of dredge and fill material nust not destroy a threatened
or endangered species as identified under the Endangered Species Act or endanger the
critical habitat of such species.

b) The discharge of dredge or fill materials nust consist of suitable
material free fromtoxic pollutants in other than trace quantities.

c) The fill created by the discharge of dredge or fill materials nust be
properly maintained to prevent erosion and other nonpoint sources of pollution.

d) The discharge of dredge or fill materials must not occur in a conponent
of the National WIld and Scenic Rivers Systemor in a conponent of a state wild and
scenic river system

e) The best managenent practices listed later in this section should be
followed to the nmaxi mum extent practicable.

18.5.6.2 Activities Authorized by a Nationw de Permt

a) The placenent of aids to navigation and regul atory nmarkers which are
approved by and installed in accordance with the requirements of the US Coast Guard.

b) The repair, rehabilitation, or replacenent of a previously authorized
facility. The facility must be currently serviceable, the work nust not result in
significant deviations fromthe original plans, and the uses of the facility must not
have been changed. Maintenance dredging is not authorized by this nationw de permt.

c) Staff gages, tide gages, water recording devices, water quality testing
and i nprovenent devices, and simlar scientific structures.

d) Survey activities including core sanpling, seismc exploratory
operations, and pluggi ng of seisnic shot holes and other exploratory-type bore hol es.
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e) CQutfall structures and associated intake structures where the effluent
fromthat outfall has been permtted under the NPDES program providing that the
i ndi vi dual and cumul ative adverse environnental effects of the structure itself are
mninmal. (Intake structures by thenmsel ves are not included--only those directly
associated with an outfall structure are covered by this nationw de permt.)

f) The discharges of material for backfill and bedding for utility |lines
and outfall and intake structures if no change in preconstruction bottom contours occur
and excess naterial is renoved to an upland site. ("Uility line" includes pipelines,
communi cations cables, and electrical transm ssion lines. This nationw de permt does
not include Section 10 authorization, and an individual Section 10 permt wll be
required if in navigable waters of the United States.)

g) Bank stabilization activities for erosion control if |ess than 500 feet
long and involving less than 1 cubic yard per running foot of bank. Furthernore, no
material can be placed in a wetland, water flows into and out of wetlands cannot be
inmpaired, the material nust be "clean fill," and the activity nust be a single and
conmpl ete project.

h) Tenporary and pernmanent mnor road crossing fills of a non-tidal body of
water if designed so that the crossing can withstand expected high flows of surface
water and will not restrict such flows. Discharge of material nust total |ess than 200
cubi c yards bel ow ordi nary high water mark and extend into adjacent wetlands no nore
than 100 feet fromthe ordinary high water mark on either side. (If located in a
navi gabl e water of the United States, the crossing will require a permit fromthe US
Coast Guard.)

i) The placenent of fill incidental to the construction of bridges across
navi gabl e waters of the United States if the fill has been authorized by the US Coast
Quard as part of the bridge permit. Causeways and approach fills are not included and
will require individual or regional permts.

j) Return water froma contai ned dredged nmaterial disposal area if the
state has issued a Section 401 water quality certification. (The dredging itself
requires an individual permt if it occurs in navigable waters of the United States.)

k) Fill material for small hydroelectric projects of not nore than 1,500 kW
which are licensed by the Departnment of Energy (DCE) under the Federal Power Act. The
project nmust qualify for the short-form Federal Energy Regul atory Conm ssion (FERC)

I'i censing procedures of DCE and the adverse environnmental effects nmust be mininmal.

1) Discharges of dredged or fill material of 10 cubic yards or less into
waters of the United States if no material is placed in a wetland.

m Dredging of 10 cubic yards or |ess from navigable waters of the United
States as part of a single and conplete project.

n) Structures, work, and discharges authorized by the Departnent of the
Interior, Ofice of Surface Mning for surface coal mning if the District Engineer has
had the opportunity to review the application and other pertinent docunentation, and he
determnes that the individual and cumul ative adverse effects are mnimal.

0) Activities, work, and discharges included under categorical exclusions
from environnmental docunentation by other federal agencies if the Ofice of the Chief of
Engi neers has been notified of the exclusion and agrees with it.

p) Any activity authorized by a state admi nistered dredge and fill permt
program approved by the Corps of Engineers.

gq) The discharge of concrete into tightly sealed forms or cells where the

concrete is used as a structural nenber which would otherwi se not be subject to the
jurisdiction of the CWA
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18.5.6.3 Activity-Specific Conditions. In addition to conplying with any activity-
specific conditions discussed above, conpliance with the follow ng special conditions is
required for any of the above nationw de permts for specific activities to be valid.

a) The discharge of dredge or fill material will not be located in the
proximty of a public water supply intake.

b) The discharge of dredge or fill material will not occur in areas of
concentrated shellfish production.

c) The activity will not destroy a threatened or endangered species as
identified under the Endangered Species Act, or endanger the critical habitat of such
speci es.

d) The activity will not disrupt the nmovement of those species of aquatic
life indigenous to the body of water.

e) The discharge of dredge or fill material will consist of suitable
material free fromtoxic pollutants in other than trace quantities.

f) The fill or structure will be properly naintained to prevent erosion and
ot her nonpoi nt source of pollution.

g) The activity will not occur in a conponent of the National WId and
Scenic River Systemor in a conponent of a state wild and scenic river
system

h) The activity will not cause an unacceptable interference with
navi gati on.

i) The best managenent practices |listed bel ow should be followed to the
maxi mum ext ent practicabl e.
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18.5.6.4 Mnagenent Practices. The best nanagenent practices for nationw de pernit
must be followed to the maxi mum extent practicable for both the nation wide permts in
certain waters and nationw de pernits for specific activities.

a) Discharges of dredge or fill naterial into waters of the States shoul d
be avoi ded or mninized through the use of other practical alternatives.

b) Discharges of dredge or fill material in spawning areas during spawni ng
seasons shoul d be avoi ded.

c) Discharges of dredge or fill material should not restrict or inpede the
movenent of indi genous aquatic species or the passage of nornmal or expected high flows,
or cause the relocation of water (unless that is the prinmary purpose of the activity).

d) If the activity creates an inpoundnment, adverse inpacts on the aquatic
system caused by the accel erated passage of water and/or the restriction of its flow
shoul d be m nim zed.

e) Discharges of dredge or fill material in wetlands area should be
avoi ded.

f) Heavy equi pnent working in wetlands should be pl aced
on mats.

g) Discharges of dredge or fill material into breeding areas for migratory
wat erfowl shoul d be avoi ded.

h) Al tenporary fills should be renbved in their entirety.

18.5.6.5 Regional Pernmits. Each Division Engineer is authorized to issue general
permits for activities within his jurisdiction (i.e., regional permts) which neet the
general criteria for a nationw de permt category (e.g., mninal cumulative

envi ronnmental inpact), but which cannot qualify for any promul gated nati onwi de permit
category. The Division Engineer is also authorized to issue regional permts nodifying
any nationw de pernit category by adding conditions applicable to certain activities or
speci fic geographic areas within his division. As with nationw de permits, the

Di vi si on Engi neer can revoke a regional permt and require an individual permt for any
activity.
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18.5.6.6 Individual Permits. Individual pernmits are required for activities not
aut hori zed by either a nationw de or regional general permt or not exenpted fromthe
Corps' regul atory program

Applications for individual permts nust be prepared using the prescribed
application form ENG Form 4345, OVB Approval OVB 49- R0420. The conpl eted application
shoul d be submtted to the District Engineer in charge of the Corps of Engineers
District where the proposed activity will occur. Local variations of the application
formto facilitate coordination with state and | ocal agencies may be encountered. Itens
taken into considerati on when review ng an individual pernmt are as foll ows.

a) The Corps' general approach in evaluating applications for individual
permit authorizations required by its regulatory programcan be described as a public
i nterest bal anci ng process which reflects national concerns for both the protection and
utilization of inportant resources. This public interest review is based upon an
eval uation of the probable inpact, including cunulative effects, of the proposed
activity and its intended use on the public interest. As part of this evaluation, the
benefits which reasonably nay be expected to accrue fromthe proposal will be bal anced
against its reasonably foreseeable detrinents. The follow ng general criteria will be
consi dered during the bal anci ng process.

(1) Public and private need for the proposed structure or work.
(2) Availability of reasonable alternatives.
(3) Extent and duration of beneficial and/or detrinmental effects.

b) The Corps strongly di scourages activities which adversely affect any
wet | ands considered to performany of the follow ng i nmportant functions.

(1) Wetlands which serve significant natural biological functions,
e.g., wetlands habitat for aquatic or terrestrial species.

(2) \Wetlands which have been set aside as study areas, refuges, or
sanctuari es.

(3) \Wetlands which have significant hydrol ogi cal characteristics.

(4) Wet | ands whi ch shelter other areas from wave action, erosion, or
st or m danage.

(5) \Wetlands which provide val uabl e storage area for storm and
fl oodwat ers.

(6) Wetlands which are prine natural recharge areas for ground water.
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(7) \Wetlands which provide natural filtration and purification of
wat er .

c) Evaluation of any wetlands alterations must show that the benefits of
the proposed alteration outwei gh unavoi dabl e damage to the wetlands. Wen perforning
this evaluation, the District Engineer nust consider whether the proposed activity is
dependent on being located in, or in proximty to, the wetlands and whet her practicable
alternative sites are available. The District Engineer's decisions will be weighted by
Congressional policy expressed in the Estuary Protection Act and state wetl ands program

d) The Division Engineer will consult with and give great weight to the
views of the US Fish and Wldlife Service, National Mrine Fisheries Service, and their
state counterparts concerning nminimzing direct and indirect |osses and danages to
wildlife resources caused by the proposed activity.

e) The Corps will review the permt application to eval uate whether the
proposed activity will conply with water quality standards and any applicable effl uent
limtations. The water quality certification required by Section 401 of the CWA is
consi dered conclusive with respect to water quality considerations unless the EPA
mandat es that other water quality issues be eval uated.

f) The Corps will strive to ensure that the proposed activity is, insofar
as possible, consistent with and avoids significant adverse effects on areas which
possess recogni zed historic, cultural, scenic, conservation, recreational, or simlar
val ue.

g) If the proposed activity would affect the coastline or baseline of the
territorial seas, the Corps nmust consult with the Attorney General and Solicitor of the
Departnent of Interior.

h) Pernmit applications will be evaluated as to the potential for proposed
actions to adversely affect others, interfere with a riparian owner's access to
navi gabl e water of the United States, affect or be affected by a federal water resource
project, or be inconpatible with federal projects under construction.

i) Applications will be reviewed for consistency and conpatibility with
approved Coastal Zone Managenent Pl ans.

j) If a proposed action affects a narine sanctuary, the Secretary of
Commerce nust certify that the action can be acconplished within the regul ations
pertinent to such areas.

k) Processing of Corps permit applications may involve concurrent
processing of required other Federal, state, or local approvals. A Corps' pernit may be
approved prior to final approval of other certifications or required approvals.

However, if other Federal, state, or local certifications are denied prior to final
action on a Corps' permt application, the Corps' permt will be approved prior to final
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approval of other certifications or required approvals. However, if other Federal,
state, or local certifications are denied prior to final action on a Corps' permt
application, the Corps' permit will be denied, but the applicant has the right to

request reinstatement of processing if the other certifications are | ater approved.

1) Specific land use plans of other Federal, state, local, and |Indian
tribal agencies nust be considered in addition to national interest factors.

m In the interest of safety, applicants may be required to show that all
i mpoundnment structures conply with state dam safety standards or have been desi gned or
reviewed by qualified persons.

n) \Wenever practicable alternatives exist outside a flood plain, the
District Engineer will avoid, to the extent practicable, authorizing flood plain
devel oprments or activities which have long-termor short-termsignificant adverse
i mpacts upon a flood plain. For those activities in the public interest which nust
occur in or inpact upon flood plains, the District Engineer nmust assure, to the maxi num
extent practicable, that the inpacts of potential flooding on human health, safety, and
wel fare and the risks of flood | osses are mnimzed. |n such cases, the District
Engi neer will also strive to restore and preserve the natural and beneficial values
served by flood plains.

0) Although the Corps will not inpinge upon the states' authority to
allocate water, the District Engineer will give full consideration to the public
interest reviewto water conservation and the opportunities to reduce demand and
improve efficiency in order to mnimze new water supply requirenents.

p) Since energy conservation and devel opnent is a national objective, the
District Engineer will give great weight to energy needs and will give high priority to
permit actions involving energy projects.

g) Navigation in all navigable waters is a prinmary concern of the federal
governnent. The District Engineer will protect navigational and anchorage interests by
recommendi ng denial of a permt unless appropriate conditions are included to avoid any
substantial inpairnment to navigation and anchor age.

r) Section 11 of RHA authorized establishment of harbor |ines shoreward of
whi ch no individual permits were required. Because harbor |ines were established on the
basi s of navigation inmpacts only, the Corps of Engineers published a regul ation on May
27, 1970 (33 CFR 209.150) which declares that permts thereafter would be required for
activities shoreward of the harbor lines. Review of applications is based on full
public interest evaluation and harbor |ines serve as guidance for assessing navigation
i mpact s.
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s) The Corps nust authorize any power transmission line crossing a
navi gabl e water of the United States unless the lines are part of a water power project
subject to the control of the Federal Energy Regul atory Commission. Transmission lines
crossing navigable waters are required to have a m ni mum cl earance over the navigable
channel provided by existing fixed bridges, or the cl earances which woul d be required by
the US Coast Guard for new fixed bridges in the vicinity of the proposed power |ine
crossing. The m ni num additional clearance above clearance required for bridges for the
| ow point of the line under conditions which produce the | owest sag is given bel ow for
various systemvoltages as outlined in the National Electrical Safety Code

M ni num Addi ti onal C earance

Nom nal System Vol t age Above O earance Required for Bridges

kv ft
115 and bel ow 20
138 22
161 24
230 26
350 30
500 35
700 42
750 to 765 45

s) Al applications for Departnent of the Arny permits should include a
conmpl ete description of the proposed activity including the follow ng.

(1) Necessary drawi ngs, sketches, or plans sufficient for public
notice. (This does not mean detail ed engineering plans or specifications.)

(2) The location, purpose, and intended use of the proposed activity.
(3) Scheduling of the activity.
(4) The nanes and addresses of adjoining property owners
(5) The location and di mensi ons of adjacent structures
(6) A list of authorizations required by other federal, interstate
state, or local agencies for the work, including all approvals received or denials
al ready nmade.

(7) Information required for public notices.

u) Permt applications should also be prepared in accordance with the
follow ng requirenents.

(1) Al activities related to a single project which require Departnent
of the Arnmy pernmits should be described within the sane application

(2) If dredging is involved, the application nust include a description
of the type, conposition, and quantity of the material to be dredged, and the nethod of
dredging, and the site and plans for disposal of the dredged naterial

(3) If the activity would include the discharge of dredged or fill
material in the waters of the United States, the application nust also contain a
conmpl ete description of the activity including the source, type, purpose of discharge
conmposition, quantity, method of transportation and di sposal, and |ocation of disposa
site.

(4) If the activity would include a filled area, or pile or float-
supported platform the project description nust indicate the uses of and specific
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structures to be erected on the fill or platform

(5) If an inpoundnent is included, the application must show that the
structure conplies with state damsafety criteria or has been designed, reviewed, or
nmodi fied by qualified persons.

(6) The application must be signed by the person who proposes to
undert ake the proposed activity or his duly authorized agent. Mre than one owner or
proposer may be represented by a single agent.

v) The District Engineer may request further additional information if
essential to assist in the evaluation of the application.

w) Fees are required for permts issued under the Corps' regul atory
program

x) A fee of $100 will be charged for permits for comrercial activities
and $10 for noncommercial activities. The determnation as to the comrercial or
noncommer ci al nature of proposed activities will be made by the District Engineer. Fees
are not charged for applications withdrawn or denied. Only when an affirmative decision
has been reached will the applicant be advised of the appropriate fee.

y) The Corps strives to process applications for individual pernmts not

requiring an Environnental |npact Statenent according to the follow ng procedure and
time deadlines.
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(1) Upon receipt of the application, the District Engineer will assign
it an identification nunber and acknow edge receipt of the application. The
acknow edgenent will advise the applicant of the identification nunber assigned to its
application.

(2) Wthin 15 days of receipt of the application, the District Engineer
must request fromthe applicant any additional information necessary for further
processi ng.

(3) Wthin 15 days of receipt of all necessary information, the
District Engineer will issue a public notice of the proposed activity and a draft
permt.

(4) The public notice period will usually last 30 days but can be
extended to 60 days.

(5) The District Engineer nust consider all comments received. The
applicant will be given a chance to rebut or resolve adverse coments.

(6) Wthin 60 days of the receipt of the application (90 days, if the
public comrent period is extended to 60 days), the District Engineer will nake a final
deci sion on the application. However, the final decision may be delayed in order to
conmpl ete other procedural requirenents (e.g., the NEPA environnental inpact review
process, endangered species consultation, or historical/ cultural preservation process).

z) |f the proposed activity only needs an individual authorization under
Section 10 of the River and Harbor of 1899, (For instance, the nationwi de permt for
utility line crossings does not constitute authorization under Section 10 if a navi gabl e
water is to be crossed. A letter of perm ssion could be used in such situations in lieu
of the conplex pernit process) the District Engineer can omt publishing a public notice
and authorize the activity by a letter of permission if the work neets the follow ng
condi tions.

(1) The proposed work is mnor.

(2) The proposed activity would not have significant individual or
currul ative inpact on environmental val ues.

(3) The proposed work woul d encounter no appreci abl e opposition.
18.5.7 FAA Permit. The Federal Aviation Adm nistration (FAA) must be notified before
there is any construction or alteration of nmore than 200 feet in hei ght above ground

level of a site, and any construction or alteration of greater height than an i magi nary
surface extending outward and upward at one of the follow ng sl opes.
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a) One hundred to one for a horizontal distance of 20,000 feet from
the nearest point of the nearest runway of each airport which has at |east one runway
more than 3,200 feet in actual |ength excluding heliports.

b) Fifty to one for a horizontal distance of 10,000 feet fromthe
nearest point of the nearest runway of each airport which has at |east one runway nore
than 3,200 feet in actual |ength excluding heliports.

c) Twenty-five to one for a horizontal distance of 5,000 feet from
the nearest point of the nearest |anding and takeoff area of each heliport.

18.5.7.1 Fornms. The FAAis notified by filing four copies of FAA Form 7460-1, "Notice
of Proposed Construction or Alteration." This notice should be forwarded to the
appropriate FAA Regional Office. The notification formnust be submitted not |ater than
30 days prior to the date the proposed construction is to begin.

The FAA will acknowl edge in witing the receipt of each notice. |If the
construction or alteration proposed is one for which marki ng standards are prescribed in
the FAA Advisory G rcular AC 70/ 7460-1, the acknow edgment will contain a statenent that
the structure nust be marked and lighted in accordance with the circular. The
acknow edgrment will also state that an aeronautical study has reached one of the
foll owi ng concl usions concerning the construction or alteration.

a) It would not exceed an obstruction standard and would not be a
hazard to air navigation.

b) It would exceed an obstruction standard but woul d not be a hazard
to air navigation.

c) It would exceed an obstruction standard and further aeronautical
study is necessary to determ ne whether it would be a hazard to air navigation. In such
cases, the sponsor nust request within 30 days that the FAA conplete its studies.

Pendi ng conpl etion of these studies, it is presuned the construction or alteration would
be a hazard.

An existing or future structure is considered to be an obstruction to
air navigation if it is of greater height than 500 feet above ground level at the site
of the object, or greater than certain |l esser heights within 6 nautical mles of an
airport.

18.5.7.2 Supplenental Notice. A supplenental notice filed on FAA Form 117-1, "Notice
of Progress of Construction or Alteration," nmust be filed with the Chief of the Ar
Traffic Division having jurisdiction over the FAA Region 5 days after the construction
reaches its greatest height in the follow ng instances.
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a) The construction or alteration is nmore than 200 feet above the
surface level of the site.

b) An FAA regional office advises that subm ssion of the formis
required.
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Section 19. TESTI NG

19.1 Equi pnent Testi ng

19.1.1 Turbine Generators. Turbine generators shall be tested in accordance with
ASME Per f ormance Test Code, PTC 6.1 Interim Test Code for An Alternative Procedure for
Testing Steam Tur bi nes.

a) The following are the major nmeasurenents which nust be made for a
condensi ng turbine in a reheat regenerative cycle using superheated inlet steam
Measurenents for a non-reheat, back pressure, or automatic extraction turbine are
simlar in principle.

1) HP turbine throttle tenperature.

2) HP turbine throttle pressure.

3) HP turbine exhaust pressure.

4) HP turbine first stage pressure.

5) Cold reheat tenperature.

6) |P Turbine throttle tenperature.

7) IP Turbine throttle pressure.

8) LP Turbine throttle tenperature.

9) LP Turbine throttle pressure.

10) LP Turbi ne exhaust pressure.

11) CGenerator output.

12) CGenerator hydrogen pressure.

13) CGenerator power factor.

14) Boiler feed punmp discharge tenperature.
15) Boiler feed punp discharge pressure.

16) Superheater spray flow.

17) Reheater spray flow
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19)
20)
21)
22)
23)
24)
25)
26)
27)
28)

H ghest
H ghest
H ghest
H ghest
H ghest

Feedwat e
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pressure feedwater
pressure feedwater
pressure feedwater
pressure feedwater
pressure feedwater

r flow to boiler.

heat er
heat er
heat er
heat er

heat er

feedwater inlet tenperature.
feedwat er outlet tenperature.
drain outlet tenperature.
extraction tenperature.

extraction pressure.

Feedwat er pressure at boiler inlet.

HP Tur bi ne gl and | eakage fl ow.

HP Tur bi ne gl and | eakage t enperature.

HP Tur bi ne gl and | eakage pressure.

Main steam flow to steam seal

receiver.

b) As a result of calculations based on PTC 6S nethods, the follow ng
performance paranmeters can be quantified.

1) Maxi mum capability.

2) Heat rate

3) Enthal py-drop efficiency.

19.1.2 St eam Generators.

Per f ormance Test Code,

St eam generat ors shal |
PTC 4.1, Steam Cenerating Units,

be tested in accordance with ASME

which is currently being

revised. The changes whi ch have been incorporated into the |atest draft code, such as
the use of continuous analyzers instead of Orsat anal yzers, are recomended for use.

For additi onal

19.1.2.1 |nput/CQutput Method

i nput / out put

testing requirements see M L- HDBK- 1003/ 6.

a) The following are the najor measurements which must be nmade for

nmet hod.

1) Coal

flow.

2) Higher heating val ue.

3) Conbustion air tenperature.

4) Feedwater flow.
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5) Feedwat er tenperature.

6) Feedwat er pressure.

7) Superheat desuperheat spray flow

8) Superheat desuperheat spray tenperature.
9) Superheat desuperheat spray pressure.
10) Bl owdown f I ow.

11) Auxiliary steamfl ow

12) Auxiliary steam tenperature.

13) Auxiliary steam pressure.

14) Soot bl owi ng steam fl ow.

15) Main steamtenperature.

16) Main steam pressure.

17) Cold reheat steam pressure.

18) Cold reheat steamtenperature.

19) Hot reheat steam pressure.

20) Hot reheat steamtenperature.

In addition to these neasured paraneters, cold reheat flow is required.
This can be determ ned under the turbine generator test.

b) As a result of calculations based on PTC 4.1 nethods, the follow ng
performance paraneters can be quantified.

1) Steam generator efficiency.

2) Input.

3) Cutput.

4) Steamtenperature and control range.

5) Capacity.
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6) Water and steam side pressure drop.

19.1.2.2 Heat Loss Method

a) The following are the najor nmeasurenents which nust be nmade for heat
| oss met hod.

1) Auxiliary steamflow from steam generator.
2) Auxiliary steamtenperature.

3) Auxiliary steam pressure.

4) Bl owdown fl ow.

5) Carbon nmonoxi de at econom zer outlet.

6) Coal flow.

7) Cold reheat pressure.

8) Cold reheat tenperature.

9) Cold reheat flow (cal culated by PTC 6 nethods).
10) Drum pressure.

11) Feedwater flow at econonizer inlet.

12) Feedwater pressure at econom zer inlet.
13) Feedwater tenperature at econonizer inlet
14) Flue gas tenperature at air heater outlet.
15) Hot reheat pressure.

16) Hot reheat tenperature.

17) Main steam pressure.

18) Main steamtenperature.

19) Mbtor power.
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20) Flue gas oxygen at econom zer outlet.
21) Pulverizer reject flow

22) Reheat desuperheating spray flow

23) Reheat desuperheating spray pressure.
24) Reheat desuperheating spray tenperature.
25) Soot bl owi ng st eam fl ow.

26) Soot bl owi ng st eam t enper at ure.

27) Soot bl owi ng st eam pressure.

29) Superheat desuperheating spray flow.

30) Superheat desuperheating spray tenperature.
31) Superheat desuperheating spray pressure.

In addition to these neasured paraneters, a fuel ultimate analysis,
fuel heating value, and ash (if any) heating val ues are required.

b) As a result of calculations based on PTC 4.1 nethods, the follow ng
performance paraneters can be quantified.

1) Steam generator efficiency.

2) Steam generator steam flow

3) Steamtenperature and control range.
4) Exit flue gas tenperature.

5) Water and steam side pressure drop.
6) Steam generator naxi mum capability.

19.1.2.3 Condensers. Condensers shall be tested in accordance with ASME Perfor mance
Test Code, PTC 12.2 Steam Condensi ng Appar at us.

a) The following are the nmjor measurenments which nmust be nade.
1) Crculating water flow.
2) Condenser pressure.

3) Condenser inlet cooling water pressure.
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4) Condenser inlet cooling water tenperature.
5) Condenser outlet cooling water pressure.

6) Condenser outlet cooling water tenperature.
7) Condenser absol ute pressure.

b) As a result of calculations based on PTC 12.2 nethods, the follow ng
performance paraneters can be quantified.

1) Condenser tube cleanliness factor.
2) Condenser tube fouling factor.
3) Condenser waterside pressure drop.
4) Condenser heat | oad.
19.1.2.4 Cooling Towers. Cooling towers shall be tested in accordance with The Cooling

Tower Institute's (CTl), ATC 105, Acceptance Test Code For Water Cooling Towers (Part 1,
Test Procedure: Part 2, Evaluation of Results).

ATC 105 recogni zes two nethods for evaluating the performance of a
cooling tower: the characteristic curve nethod and the perfornance curve nethod. Both
met hods require the sanme neasured data and cal cul ate the sanme perfornance paraneter.

The following are the major neasurenents which nust be made.

a) Wet bulb tenmperature at tower inlet.

b) Dry bulb tenperature.

c) Cold water tenperature.

d) Hot water tenperature.

e) Cooling water flow

f) Fan power.
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g) Makeup water tenperature.
h) Makeup water flow.

i) Blowdown tenperature.

j) Blowdown fl ow.

As a result of calculations, the cooling tower capability can be
quantified as a percent of design.

19.1.2.5 Evaporators. Evaporators shall be tested in accordance with ASME Perfornmance
Test Code, PTC 14, Evaporating Apparatus.

a) The following are the najor measurenments which nmust be nade.
1) Evaporator feedwater flow.

2) Evaporator feedwater tenperature.

3) Evaporator vapor sanple.

4) Evaporator vapor pressure.

5) Evaporator vapor tenperature.

6) Steam supply pressure.

7) Steam supply tenperature.

b) As a result of tests and deterninations based on PTC 14 nethods, the
foll owi ng perfornmance paraneters can be quantified.

1) Maxi num capacity.
2) Total solids in vapor.

19.1.2.6 Deaerators. Deaerators shall be tested in accordance with Performance Test
Code, PTC 12.3, Deaerators. ASME PTC 12.3 Part || describes several nethods of

determ ni ng the dissol ved oxygen content in deaerated water. These nethods include the
titration nethod and the colorinetric nethod. Continuous oxygen anal yzers are al so
comrerci ally avail abl e.

19.1.2.7 Punps. Centrifugal punps shall be tested in accordance with ASME Perfornmance
Test Code, PTC 8.2, Centrifugal Punps.

a) The following are the najor measurenments which must be nmade for each
punp.

1) Inlet flow
2) Inlet tenperature.

3) Inlet pressure.
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4) Discharge flow.

5) Discharge tenperature.
6) Di scharge pressure.

7) Bleedoff flow.

8) Bl eedoff tenperature.
9) Bl eedoff pressure.

10) Punp i nput power.

11) Punp speed.

b) As a result of calculations based on PTC 8.2 nethods, the follow ng

performance paranmeters can be quantified.

19.1.2.8 Fans.

1) Capacity.

2) Punp total head.

3) Punp power.

4) Pump efficiency.

5) Suction requirenents.

6) Available net positive suction head.
7) Specific speed.

Forced draft and induced draft fans shall be tested in accordance with

ASME Per f ormance Test Code, PTC 11, Fans. For additional test requirenents see ML-

HDBK- 1003/ 6.

per f or mance.

a) Test Code PTC 11 recognizes two nethods for expressing fan

1) Mass flow specified energy.
2) Vol ume flow pressure.

The mass flow specific energy nethod requires velocity and static

pressure nmeasurenments at the fan inlet and outlet. Experience has shown that accurate
velocity pressure neasurenents at the fan outlet are at best very difficult. Therefore,
the volunme fl ow pressure nethod whi ch does not require fan outlet velocity pressure is

reconmended.

b) The followi ng are the najor neasurenents required for the vol ume

fl ow pressure nethod.

1) Fan inlet static pressure.
2) Fan inlet velocity pressure.
3) Fan outlet static pressure.
4) Air or gas inlet tenperature.

5) Fan speed.
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6) Fan input power.

In addition to these neasured paraneters, the air or gas conposition is
required.

c) As a result of calculations based on PTC 11 nethods, the follow ng
performance paranmeters can be quantified.

1) Fan static pressure.
2) Volumetric flow.

3) Mass flow

4) Fan static efficiency.

19.1.2.9 Conpressors. Air conpressors shall be tested in accordance with ASME
Perfornmance Test Code, PTC 9 Displ acement Conpressors, Vacuum Punps and Bl owers.

a) The following are the najor measurenments which nmust be nade.
1) Capacity.

2) Inlet static pressure.

3) Discharge static pressure.

4) Stage inlet static pressure (for multistage nmachines).

5) Stage outlet static pressure (for multistage nachines).

6) Inlet air or gas tenperature.
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8)
9)

10)
cool ers.

11)
cool ers.

12)
13)
14)

I'n
required.

b)
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Intercooler inlet and outlet gas tenperatures (for nmultistage

Di scharge air or gas tenperature.

Cooling water flows to individual cylinders and cool ers.

Cooling water inlet tenperatures to individual cylinders and

Cooling water outlet tenperatures to individual cylinders and

Conpr essor speed.
I nput power.

I ndi cated power.

addition to these neasured paraneters, the gas conposition is

As a result of calcul ations based on PTC 9 net hods,

performance paraneters can be quantified.

1)
2)
3)
4)
5)
6)

7

19.1.2.10 Heat Exchangers.

Conpression ratio.

| sentropic power.

Vol unetric efficiency.

St age conpression efficiency.
Mechani cal efficiency.

Conmpressor efficiency.

Power econony (units of power per unit of capacity).

the follow ng

Feedwat er heaters and auxiliary cooling water heat

exchangers shall be tested in accordance with ASVE Performance Test Code, PTC 12.1
Cl osed Feedwat er Heaters.
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a) Feedwater Heaters. The following are the najor measurements which
will be required for each cl osed feedwater heater.

1) Feedwater flow.

2) Feedwater inlet tenperature.

3) Feedwater outlet tenperature.

4) Feedwater inlet pressure.

5) Feedwater outlet pressure.

6) Drain inlet flow (where applicable).

7) Drain inlet pressure (where applicable).

8) Drain inlet tenperature (where applicable).
9) Drain outlet flow

10) Drain outlet tenperature.

11) Drain outlet pressure.

12) Extraction steamflow (can be cal cul at ed).
13) Extraction steam tenperature.

14) Extraction steam pressure.

15) Heater pressure.

In addition to these neasured paraneters, the heater manufacturer's
design data is al so required.

b) As a result of calculations based on PTC 12.1 nethods, the follow ng
performance paraneters can be quantified.

1) Ternminal tenperature difference.

2) Feedwater tenperature rise.

3) Drain cooler approach (where applicable).
4) Feedwater pressure drop.

5) Pressure drop through drain cooler (where applicable).
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c) Auxiliary Cooling Water Heat Exchangers. Using PTC 12.1, the
cooling water heat exchanger will be treated as an external drain cooler.

The following are the major neasurenents which nust be made.
1) Tube side water inlet tenperature.
2) Tube side water inlet pressure.

3) Tube side water outlet tenperature.
4) Tube side water outlet pressure.

5) Shell side inlet tenperature.

6) Shell side inlet pressure.

7) Shell side outlet tenperature.

8) Shell side outlet pressure.

9) Tube side flow.

10) Shell side flow.

d) As a result of calculations based upon PTC 12.1 nethods, the
follow ng perfornmance paraneters can be quantified.

1) Tube side pressure drop.

2) Shell side pressure drop.

3) Approach tenperature.
19.1.2.11 Air Heaters. Boiler tubular and regenerative air heaters shall be tested in
accordance with ASME Perfornmance Test Code, PTC 4.3 Air Heaters, which is currently
bei ng revised as PTC 41. The changes which have been incorporated in devel opi ng PTC 41
are recommended for use.

a) The following are the najor measurenments which must be made for each
air heater.

1) Flue gas inlet tenperature.
2) Flue gas outlet tenperature.

3) Air inlet tenperature.
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4) Air outlet tenperature.

5) Air inlet flow.

6) Air outlet flow.

7) Flue gas inlet flow

8) Flue gas outlet flow.

9) Flue gas side inlet and outlet static pressure.
10) Flue gas side inlet and outlet velocity pressure.
11) Air side inlet and outlet static pressure.

12) Air side inlet and outlet velocity pressure.
13) Inlet flue gas analysis (CO, CO O).

14) CQutlet flue gas analysis (CO, CO O).

15) Fuel flow (nmeasured or cal cul ated by steam generator output and
efficiency).

b) In addition to these neasured paraneters, a fuel ultimte analysis
is required.

As a result of calcul ations based on PTC 41 nethods, the follow ng
performance paraneters can be quantified.

1) Flue gas side efficiency.

2) Air |eakage.

3) Heat capacity ratio (X-Ratio).

4) No | eakage exit flue gas tenperature.

5) Flue gas side pressure drop.

6) Air side pressure drop.
19.1.2.12 Dust Collectors. Mechanical dust collectors shall be tested in accordance
with ASME Perfornmance Test Code, PTC 21 Dust Separating Apparatus except Environnental
Protection Agency Method 5 (40 CFR Part 60 Appendi x A, Reference Methods), sanpling
(isokinetic sampler with heated filter) should be used. Measurenents taken include
particul ate concentration and mass flowrate at both the inlet and outlet of the dust
collector. Flue gas flowrate, conposition, and tenperature are al so measur ed.

Measurenents at the inlet and outlet allow determ nation of dust collector overall
efficiency. For other testing requirements see M L-HDBK-1003/ 6.
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19.1.2.13 Precipitators. Electrostatic precipitators shall be tested for performance
and conpliance (if required by Federal, state, or local regulations). Testing will be
the same as described above under Dust Col |l ectors.

19.1.2.14 Flue Gas Scrubbers. Flue gas scrubbers shall be tested for performance and
compliance (if required by Federal, state, or local regulations). An ASME perfornance
test code is in the process of preparation, however, no interimPTC for scrubbers is yet
avai l able. Testing should be done in accordance with 40 CFR Part 60 Appendix A, EPA
Method 5 or 17 for particulate matter and Methods 6 and 8 for SO, SO,, and NOx. See

al so M L-HDBK-1003/6, for information relative to sanpling ports.

19.2 Preparations for Tests. Preparations for testing includes the follow ng.
a) Determine applicable test code.

b) Read and observe applicable parts of ASME PTC 1, Ceneral
Instructions and ASVE PTC 2, Definitions and Val ues.

c) Determine test data and readings required.
d) Prepare necessary forns for recording of test data.

e) Determine instrunentation to be used for tests and provide
tenporary suppl enental instruments as necessary.

f) Calibrate or verify calibration of instrunents.
g) Determine the necessary parties to the test.

19.3 Test Equi pnent and Materials. The test equi pment shall consist of instruments
and apparatus as necessary to provide indication or record of test properties and
variables. Materials shall consist of mscellaneous chemicals for charging instrunments
and supplies. Each individual test code for specific equi pment contains information
covering permssible choices of instrumentation, methods of calibration, and precautions
to be observed. Wether cited or not in the test code, Supplenents to ASME Perfor mance
Test Code, PTC 19 Instrunents and Apparatus shoul d be consulted as necessary. These
suppl enents are as foll ows:

251



M L- HDBK- 1003/ 7

Pressure Measurenent.

Tenperat ure Measurenent.

Application, Part Il of Fluid Meters: Interim

Appar at us.

a) PTC 19.2
b) PTC 19.3
c) PTC 19.5
Suppl ement _on Instrunments and
d) PTC 19.5.
e) PTC 19.6
f) PTC 19.7
g) PTC 19.8
h) PTC 19.10
Apparatus - V Part 10.
i) PTC 19.12
j) PTC 19.13
k) PTC 19. 14
1) PTC 19. 16
m PTC 19. 17

1

Wi ghi ng Scal es.

Electrical Measurenents in Power Circuits.

Measur enent of Shaft Power.

Measur enent of |ndicated Horsepower.

Flue and Exhaust Gas Analyses - Instrunents &

Measur enent of Tine.

Measur enent of Rotary Speed.

Li near Measurenents.

Density Determinations of Solids and Liquids.

Deternination of the Viscosity of Liquids.
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Section 20. LOAD SHEDDI NG

20.1 Qbj ectives of Load Shedding Program Wen a power plant or an individua

power generating unit experiences a gradual increase in |load, or a sudden but mld
overload, the unit governors will sense the resulting speed change and increase the
power input to the generator. The additional |load is handl ed by using the spinning
reserve; that is, the unused capacity of the generator. However, if all generators are
operating at nmaxi mum capacity, the spinning reserve is zero and the governors may not be
able to relieve the overload

Wien severe overl oads occur, or when | arge sudden | oad increases are
experienced, the first effect is a slowing down of the generator. |If the overload is
| arge enough or if the governor cannot accommpdate the sudden | oad increase, then speed
and frequency will continue to drop until the plant or generating unit is tripped to
prevent equi pnent danage, and the load is |ost.

20.1.1 Definition. Load shedding is the deliberate and sel ective dropping of
electrical load in accordance with a preplanned program

20.1.2 Pur pose. The purpose of |oad shedding is to reduce plant |oads so that the
plant will not trip on overload and so that certain presel ected | oads can be saved, even
t hough other | oads are | ost.

20.2 Requirenents for Load Reduction. A typical scenario in which | oad shedding
woul d be advant ageous woul d be the case of a power plant operating in parallel with a
utility, with a total system|oad exceeding the capability of the plant alone. Should
the interconnection trip, the plant woul d experience a sudden overload fromwhich it

m ght not be able to recover.

Anot her scenario could involve an isolated plant (not interconnected with a
utility), with several generating units |oaded at or near their conbined capability.
Shoul d one unit trip, the remaining units woul d experi ence a sudden | oad increase
possibly leading to loss of the plant.

20.2.1 Stable Operation and Overload Capability. Generating plants are highly
sensitive to frequency drop. There are two najor problem areas

20.2.1.1 Motor speed. Mdtor-driven auxiliaries, particularly boiler feedwater punps,
will slow down, reducing generator output. Safety nmargins in generator-cooling and
bearing lubricating systens will be reduced. The |owest safe plant operating speed will
depend on the safety margins included in the plant design. However, operation bel ow the
56.6 to 57.5 Hz range is generally not advisable

20.2.1.2 Turbine Blade Fatigue. The last rows of |ong, |ow pressure blades in steam
turbines are tuned to operate free of resonance in a narrow band of frequencies around
60 Hz. Wen running under heavy |oad at about 58.5 Hz or bel ow, the steam excitation
frequency approaches bl ade resonance. Under this condition, the bl ades nay vibrate
severely, producing fatigue stress. On the average, blades should not be subjected to
nmore than ten mnutes of severe vibration totaled over their lifespan; fatigue is
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curmul ative. Operation bel ow about 58.0 to 58.5 Hz should be avoi ded; the generator
protective devices may trip the unit in this speed range, regardl ess of |oad. Frequency
and time linmts for turbines should be specified by the turbine manufacturer, and
protective systemoperation by the plant designer.

20.2.2 Generating Unit Sizes. |In order to design an effective |oad shedding schene,
the following information is required for each generating unit in the plant.

a) The |owest safe operating speed (F) in Hz.
b) The rated capacity (MN of the machine in negawatts.
c) The power factor (p) rating of the machine, dinensionless.

d) The inertial constant (H) of the machine in negawatt seconds per MA

20.2.3 Nunber of Generating Units. The value of plant capability used to design a

| oad sheddi ng program should take into account the possibility that one or nore
generating units may be out of service when the overload incident occurs. This

determ nati on nmust be based on plant configuration and judgnment. However, the follow ng
condi tions should be considered.

a) Al units in operation.

b) Al but the largest unit in operation.

c) Al but the two largest units in operation.
20.2.4 Reduced Plant Capability. The reduction in plant capability resulting from
under speed operation should be known but will generally be unavailable. As an

approxi mati on, assune a capability |oss of about four percent capability for each Hz of
under f r equency.

20.2.5 Load Reduction Requirenents. |In order to attain stable plant operation, |oad
must be shed to such a degree that the total |oad served does not exceed pl ant
capability. As already explained, the determ nation of plant capability nmust take into
account the possibility that one or nore generating units in the plant may be out of
service and also that the remaining plant nmay experience sone |oss of capability because
of underfrequency operation.
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20.2.5.1 Rate of Load Reduction. Load nust be shed fast enough to attain the required
| oad reduction before plant frequency has deteriorated to an unacceptable level. The
rate of frequency change can be estimated fromthe follow ng forml a.

EQUATI ON: R=pL(f, - fo) / H1 - f2f? (15)
wher e:

R Average rate of frequency change, Hz per second

p Power factor of machine

L Average per unit overl oad

(Load- Power | nput)/ (Power | nput)

fo Initial frequency, Hz
f, Fi nal frequency, Hz
H Inertial constant of nachine, MN sec/ WA

For a typical calculation, assunme that a 100 MN 0.85 power factor
machine with an inertial constant of H=4 experiences a sudden overload to 120 MNand we
wish to find the rate at which frequency drops fromthe initial frequency of fo = 60 Hz
tofl =58 H. In this case,

EQUATI ON: L = (120 Mw- 100 MN / (100 MW = 0.20 (16)
and substituting in Equation (15):

R

[(0.85)(0.20)(60-58)]/[4(1 - (60%58%))]
= - 1.21 Hz/second.

In this case, the minus sign indicates that the frequency is decreasing
at arate of 1.21 Hz per second.

The total time for the frequency to drop 2 Hz, fromf, = 60 Hz to f, =
58 Hz woul d be

Time = 2/1.21 = 1. 65 seconds

This indicates that the | oad sheddi ng pl an must acconplish a | oad
reduction of at least 20 MWw thin 1. 65 seconds.

For calculations involving an entire plant, conposite values should be

used to obtain a rate of frequency drop for the entire plant. The conposite inertial
constant for the plant, HPlant, is calculated fromthe follow ng formul a.

EQUATION:  Hyae = (HIWA;, + HWA+. .. +HWA) / (WA, + WA, +.. . +WA) (17)
where the subscripts refer to the individual generating units.
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20.2.5.2 Total Load Reduction. The |oad shedding plan must acconplish a total |oad
reduction sufficient to relieve the plant overload and al so to provide a slight

underl oad so that the plant will have reserve capability to reaccelerate to the nornal
operating frequency. One nust also take into account the | oss of capability that
results from underfrequency operation.

In the previous exanple (a 100 MNgenerator with a 120 MV | oad) assune that
the plant frequency dropped to 58 Hz before | oad shedding was initiated and that the
pl ant capability |l oss was four percent for each Hz of frequency drop. In this case, the
pl ant capability would be only 92 percent (or 92 MN at 58 Hz. |If 30 MNof |oad were
shed (reducing the total |oad from 120 MNto 90 MN then the generator would have a 2 MV
margin (92 MNcapability less 90 MN |l oad) to reaccel erate back to the normal operating
frequency of 60 Hz. The tinme to reaccelerate may be conmputed fromthe same fornul as
al ready given.

20.2.5.3 Mninmum Power Supply. It is reasonable to design a |oad shedding plan to drop
nearly all or perhaps even all of the plant load. The rationale is that even if al

load is dropped but the plant is saved, |oad restoration would be faster and easier than
if the plant were lost also

20.3 Met hods of Load Shedding. There are many net hods of |oad sheddi ng, both
autonmatic and manual. The automatic methods include underfrequency rel ayi ng and vari ous
transfer-trip arrangenents. Al of these nethods have rel ative advantages and

di sadvant ages and the choice of the npbst advantageous nethod shoul d be based on the
specific conditions that prevail. However, |oad sheddi ng by underfrequency relaying is
the nbst common and generally the preferred method

20.3.1 Under frequency Rel aying. The principal advantage of under frequency | oad
sheddi ng is that the underfrequency relays respond to the underfrequency condition
resulting fromgenerator overload. They do not respond to the overload directly, but to
the del eterious conditions resulting fromoverload. Therefore, they respond only if the
generators are suffering the adverse consequences of overl oad

20.3.1.1 Automatic Qperation, Load shedding with under-frequency relays is generally
performed automatically; when frequency drops to a preset |level, generally perforned
autonmtical ly.

Aut omatic operation is generally advantageous because, with severe
overl oads, system frequency may drop faster than the plant operator can respond

20.3.1.2 Critical Frequencies. |In general, underfrequency relays are applied to shed
load in two to five steps, with three-step | oad sheddi ng being the nost comon. Each
underfrequency relay is set to trip a block of |oad at progressively |ower frequencies
for instance, at 59.5 Hz, 59.0 Hz, and 58.5 Hz. These critical frequencies should be
conmput ed as descri bed previously.
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20.3.1.3 Increnental Load Reduction. The anount of load to be shed at each critica
frequency should be related to the expected percentage overload. 1In general, this
determ nation can only be nade in an approxi mate manner, because system | oads vary and
cannot be determ ned accurately in advance

It is inportant to note that with a multi-stepped underfrequency | oad
sheddi ng system quite often the overload will be elinmnated and system frequency will
start to recover after only one or two critical frequencies are reached. Herein lies
anot her advant age of underfrequency | oad shedding; with a well designed | oad-shedding
pl an, only the m ni num amount of |oad necessary for systemrecovery is shed

20.3.2 Transfer Trip Load Shedding. Wth transfer trip |oad shedding, protective
relays and circuit breakers are interlocked so that the event that causes a | oss of
power supply al so causes certain |oads to be dropped, thereby preserving a bal ance
between | oad and generation. For instance, with an interconnected plant, auxiliary
contacts on the interconnection circuit breaker could be used to trip certain | oads
whenever the interconnection failed. Similarly, for an isolated plant, the | oss of one
generating unit could be sensed and used to initiate the tripping of a block of |oad
equal to the generating capacity | ost.

Al though transfer trip | oad sheddi ng has the advantage of sinplicity, the
use of this nethod will alnpst always result in greater loss of load than with
under frequency | oad shedding. For this reason, the transfer trip nmethod is generally
not reconmended.

20.3.3 Manual Load Shedding. |In general, manual |oad sheddi ng cannot be used to
resol ve probl ens of severe plant overloads. Wth severe overloads, the system frequency
drops too rapidly for an operator to respond and the plant can be |ost w thin seconds

Manual | oad shedding is appropriate to relieve nmild overloads; that is
overl oads that are small enough to be acconmbdated by governor action (thereby
preventing underspeed operation), but that are still |arge enough to cause excessive
equi pnent stress (overheating, accelerated wear, etc.) if uncorrected

It is appropriate to conbine nanual |oad shedding (to relieve mld
overl oads) with underfrequency | oad shedding (to relieve severe overl oads).

20.3.3.1 Load Shedding Plan. Wth nanual |oad shedding, it is appropriate to have a
| oad shedding plan. This plan can be quite sinple; it need consist of no nore than a
list of what | oads (or feeders) should be tripped and how. It is inportant that the
pl an be prearranged so that the plant operator can inplenent it quickly under energency
condi tions.
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20.3.3.2 |Increnental Load Reduction. In designing a nanual |oad sheddi ng plan, the
total amount of |oad to be shed nmanually should be sufficient to relieve the anticipated
pl ant overl oad.

Manual | oad sheddi ng can be perforned in one or several steps to take
account of varying systemconditions, such as the difference between sumrer and w nter
peaks or seasonal changes in plant capability because of schedul ed mai ntenance

20.3. 4 Point of Application. In order to deternine the point of application, |oca
or renote, the designer nmust take into account the |location of the specific |oads to be
shed and the electric distribution systemconfiguration. This determination will also
be influenced by the | oad sheddi ng nethod; underfrequency, transfer trip, or nanual

20.3.4.1 Local Application. Wien |load shedding is initiated locally, that is, at the
power plant, individual outgoing feeders are tripped. Generally, each feeder will be
tripped sequentially in a predeterm ned order of preference until the overload has been
correct ed.

Local |oad shedding is the systemthat is the nost common and easiest to
impl enent and can be utilized with underfrequency, transfer trip, or nmanual systens.

A di sadvantage is that, if a feeder is tripped, then all |oads served from
that feeder are dropped, regardless of their criticality. In some systens, all non-
essential |oads can be grouped on a single feeder, and this feeder is tripped first. 1In

ot her systens, this approach may not be practical

20.3.4.2 Renpote Application. Wth remote application, individual |oads are tripped
rather than entire feeders. Wth this approach, each load can be given a priority and
tripped sequentially in accordance with that priority.

Renmote tripping can be readily inplenented with underfrequency rel ays
installed at the renpte circuit breaker. Wth nmanual or transfer trip |oad shedding
the trip signal nust be transmitted to the renote circuit breaker

20.4 El ectrical Usage and Critcality. In general, the least critica

| oads should be tripped first, and the | oad sheddi ng shoul d proceed in stages with
progressively nmore critical |oads being shed at each stage. The follow ng provides
guidelines for the determination of the relative criticality of |oads
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20.4.1 Critical Loads. To develop a |oad shedding plan, the critical |oads shall be
identified first, along with an estimate of the nagnitude of each

The | oad sheddi ng pl an shall be designed so that critical |oads are
shed last. However, in some cases, it nmay be necessary to divide the critical |oads
into two or nore categories and assign relative priorities to each category.

20.4.1.1 Mssion Critical Loads. Mssion critical |oads are the |oads that are
essential for the operation of the facility and, if shed, would adversely inpact the
facility mssion. Mssion critical |oads nay al so include base security.

20.4.1.2 Life Support Loads. Life support |oads include hospitals and simlar
facilities where | oss of power may endanger life

20.4.1.3 Cost of Power Qutage. |In some cases, a power outage, while not endangering
the mssion or life support, may result in excessive costs. For instance, the power
supply to a food storage facility may be considered critical because a power outage may
result in food spoilage with inherent |oss of nmoney and noral e

20.4.1.4 Political Inplications. In sone cases, the selection of critical |oads nust
be made on a purely subjective basis, taking into account the effect on the community of
providi ng power, or of not providing power, to a specific |load during a wi despread power
failure

20.4.2 Tine-Critical Loads. |In nmany cases, load criticality will vary with tine.
These variations should be taken into account, if possible, when designing the |oad
sheddi ng pl an.

20.4.2.1 Seasonal Variations. In a severely cold clinate, a load related to providing
heat could be considered critical during the winter and noncritical during the sumrer.
Under the sane conditions, the power supply to a frozen food storage facility could be
considered critical during the summer and non-critical during the w nter

20.4.2.2 Diurnal Variations. The criticality of sonme |oads may vary fromday to night
or fromweekday to weekend because of changi ng usage. Exanples may include auditoriuns,
t heaters, and offices.

20.4.2.3 Interruptible Loads. Sone |oads can withstand short interruptions but not
lengthy interruptions. Exanples nmay include comunity facilities with enmergency
(battery powered) lighting. These |oads can be classified non-critical for |oad
sheddi ng, but could also be given a high priority for load restitution
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20.4.3 St andby Power. |In nmany cases, highly critical |oads such as those identified
as mission critical or life support will be provided with standby energency power
supplies (uninterruptable power supply, diesel generator, etc). In these cases, the

| oad under consideration can be downgraded fromcritical to interruptible or even non-
critical depending on the capability of the standby power supply.

20.4.4 Non-Critical Loads. Having identified all critical |oads, those that remain
can be classified as non-critical and identified for first-step | oad sheddi ng.
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Section 21. POAER PLANT COGENERATI ON

21.1 Definition. Cogeneration is the sinultaneous generation of electricity (or
mechani cal energy) and steam (or other thermal energy such as hot air or hot water) from
the sanme fuel (or energy) source

21.2 Cycles. Cogeneration cycles consist of energy conversion equi pmrent such as
boil ers, turbines, and electric generators arranged to produce both electricity and
steam or ot her thermal energy.

21.2.1 Basic Cycle. The basic conventional cycle consists of a steam boiler and
turbine, which drives either an electrical generator or other nechanical equiprent, and
fromwhich steamis extracted or exhausted to environmental heating or processes

21.2.2 Conbi ned Cycle. See Figures 13, 19, and 48 for typical cogeneration cycles
The conbi ned cycl e consists of a gas turbine which exhausts to a heat recovery steam
generator (HRSG. The HRSG in turn produces steamto drive a steamturbine. Both
turbines can drive a single or separate electrical generator. Low pressure turbine
exhaust steam can be used directly for process or heating purposes or the steam can be
ot herwi se condensed and returned to the HRSG

21.3 Efficiency. The overall efficiency of a cogeneration cycle is a ratio of al
usabl e energy (electricity, steam hot water, etc.) obtained fromthe cycle to the
energy (fuel, solar, etc.) input to the cycle

21. 4 Met hods of Qperation

21.4.1 Parall el Operation. Under parallel operation, the cogeneration plant is
electrically interconnected and synchronized with an electric utility distribution or
transm ssion system wth both the cogenerator and electric utility generating
electricity simultaneously. Under parallel operation, some electricity will be flow ng
either to or fromthe cogenerati on system

21.4.1.1 Reasons for Paralleling

a) Selective use of electrical energy fromthe electric utility by the
cogenerator. The cogenerator purchases electrical energy during periods and in anmounts
as needed to supplenent its cogeneration capabilities.

b) Sale of excess electricity by the cogenerator to the electric
utility. The cogenerator has a | arge heat demand for process use or environnenta
heati ng and can cogenerate electricity in excess of facility needs. The excess
electricity generated is sold to the electric utility generally at a rate which is less
than the generating costs; this is usually not econonical
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c) Peak Shaving. Cogeneration is used to mninize denand charges fromthe
electrical utility.

21.4.2 Isolated Operation. Under isolated operation, the cogeneration plant
generates, independently of the electric utility, all electricity and steam needed and
used by the facilities that it serves.

21.4.2.1 Reasons for Isolation

a) The facilities and cogeneration plant are in a renote |ocation and
electricity is not or cannot feasibly be nade available froman electric utility to the
facilities.

b) Critical mssion requires self-contained system including onsite
st andby.

c) Facility heat and electrical needs coincide to pernit self-contained
(total energy) cogeneration system

d) Agreement for parallel operation cannot be reached with electric
utility.

21.4.2.2 Electric Uility Crosstie. A cogenerator may operate in isolation and may

al so be interconnected to an electric utility for service during mai ntenance down tines
and/ or for standby service for use during an enmergency outage of the cogeneration plant.
If a cogenerator is not crosstied to an electric utility, backstart capability must be
provi ded.

21.4.3 Base Load Thermal. In this node of operation, the cogeneration equipnent is
sized and installed to generate electricity at a constant (base) |oad equal to that
afforded by m ni mum st eam demand, as determ ned from periodic swings in steam | oad

Suppl enental el ectrical denmands above the base | oad woul d be supplied by the electric
utility through a parallel arrangenent. Suppl enental steam demands woul d be supplied by
the use of supplenentary firing of heat recovery steam generators or separate boilers

21.4.4 Base Load Electric. In this node of operation, the cogeneration equipnent is
sized and installed to generate electricity at a constant (base) |oad equal to the

m ni num annual (or some other chosen period) electrical demand. Sone of the electricity
included in the base | oad nmay not be cogenerated but may serve to reduce demand supplied
by an electric utility. Because of the duality of steam production and utilization
autonatic extraction condensing turbine generators |lend thenselves to base load electric
operati on.

21.4.5 El ectric Peak Shaving. Peak shaving is acconplished by the use of onsite
generation or cogeneration equipnent to limt the demand, during peak electrical use
periods, of electricity purchased froman electric utility through a parallel
arrangenment. Peak shaving is usually done on a daily cyclic basis. The objective of
peak shaving is to economically reduce electric utility demand charges and overal

el ectrical energy costs. |If there is a high denand for steam during peak electric
demand periods, cogeneration can be used to suppl enment purchased power to achi eve peak
shaving, if it proves to be econom cal
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21.4.6 Electric and Thernal Tracking

21.4.6.1 Electric Tracking. Electric tracking is defined as the continuous generation
of electricity to neet the electrical denmands of a facility as they occur throughout
the daily load swings. Wth electric tracking, cogeneration equipnent is used to
generate as nmuch steamas the electric load will allow with suppl emental steam denmands
generated directly by use of boilers. The use of autonatic extraction condensing
turbi ne generators and conbi ned cycles al so provides the means for electric tracking

21.4.6.2 Thermal Tracking. Thermal tracking is defined as the continuous generation of
heat or steamto neet the thermal demands of a facility as they occur throughout the
daily load swings. Wth thermal tracking, cogeneration equipnent is used to generate as
much electricity as the steamload will allow with supplemental electrical denands
generated on other equi pment such as gas turbine generators, diesel generators, and
steam turbine generators. Autonmtic extraction condensing turbine generators and

conbi ned cycl es provide the nmeans for sinultaneous tracking of both electric and thernal
| oads.

21.5 Interconnection with Uility

21.5.1 Qperation Requirenments. Operational requirements of a cogeneration plant
interconnected with an electric utility are conditions of either the electric utility
rate schedule for parallel generation contract service or separate contract of agreenent
bet ween the cogenerator and utility. The conditions as set out in the contract may be
site specific and cogeneration systemspecific. Typical exanples are as foll ows:

a) Voltage, frequency, and wave shape of alternating current to be
delivered to the utility systemshall be naintained within specified limts

b) The utility may reserve the right to limt the amount of electrica
load delivered to the utility systemat certain times and as utility electric operating
condi tions warrant.

c) The utility may reserve the right to inspection, observation of
testing, and specification of certain naintenance requirenents.

d) The cogenerator may be required to notify the utility prior to
initial energizing and startup testing of the cogeneration facility.
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e) The cogenerator nmay be required to notify the conpany prior to each
start of energy delivery and interconnection to the utility system

f) The utility may require that the cogeneration plant's schedul ed
out age for nmintenance coincide with periods when utility power systemdenmand is | ow.

g) The utility may require a denonstration of reasonable reliability
of the cogeneration plant over the life of the contract.

h) The utility may require a contract specifying technical and
operating aspects of parallel generation.

21.5.2 I nt erconnecti on Equi pnent

21.5.2.1 Uility Standby Service. This arrangement requires a manual or automatic
throwover switch that will first disconnect the cogeneration electrical source fromthe
facility electrical |oad before connecting the facility electrical load to the electric
utility service entrance line

21.5.2.2 Parallel Operation. This arrangement requires two manual |y operated

di sconnect switches, one to disconnect or connect the cogeneration electrical source to
the facility electrical load and the other to disconnect or connect the facility
electrical load to the utility service entrance line. 1In addition to these switches
meters for billing will be required and are usually supplied, owned, and maintai ned by
the electric utility. The manual sw tch for connect or disconnect of the utility
service fromthe facility electric | oad and cogeneration systemelectric source is
usual ly a mandatory contract requirenment by the utility. The utility will further
require that this switch be under exclusive control of the utility, and that it nust
have the capability of being | ocked out by utility personnel to isolate the utility's
facilities in the event of an electrical outage on transnission and distribution
facilities serving the cogenerator. The other manual switch or isolation device wll
al so usually be required by the utility contract to serve as a neans of isolation for
t he cogeneration equi prent during mai ntenance activities, routine outages, or

emer genci es.

The interconnection with the utility for parallel operation also requires
synchroni zing controls for electrically synchronizing the cogeneration systemwth the
electrical utility system

21.5.3 Line and Equi pnent Protection. Parallel operation introduces variables in
distribution line protection in that fuses and other sectionalizing devices nay be
affected by generator contributions to fault currents. Line sectionalizing studies
shoul d be nade to verify correct operation of sectionalizing devices over the range of
conditions that could arise. Generators operating in parallel with the utility system
need protection against overload. To protect both |ine and cogeneration equipment in
the event of unacceptable fault, one protective relaying systemis required to separate
the utility systemfromthe cogeneration bus and another protective relaying systemis
required to separate the cogenerator fromthe cogeneration bus. The required protective
relay functions are usually designated by the electric utility and the final design of
the conplete protective relaying system must have the approval of the electric utility
prior to initial operation of the cogeneration system
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21.5.4 Uility Power Rates. Uility power rates are based on the utility's costs to
provide both electrical capacity and energy. This is reflected in the billing as
charges for electrical demand and energy.

21.5.4.1 Denmand Charge. The electrical demand for billing purposes is usually

determ ned from denand instrunments |ocated at the custoner facility such as a kWneter
and associ ated printing recorder which periodically records the kWload or demand. In
sone cases, the denand nay be determined by tests made by the utility. Billing denand
is usually established on a monthly basis and is taken as the hi ghest demand recorded
usually in any 30-ninute interval. Many utilities' rate schedules also contain a

rat cheted demand cl ause which establishes a mininumbilling denmand based on the highest,
or sone percentage of the highest, demand occurring in the previous 12 nonths, or some
ot her chosen period. The effect of the ratchet nay result in a billing demand for a
month of | ow demand, for instance a winter nonth, that is based on a high denand in a
previous summer nmonth. Rate schedul es take various forns, depending on the utility and
state public utility conmm ssion practices. Rate schedules for denmand will vary
accordi ng to geographic area and usage

21.5.4.2 Energy Charge. The energy usage for billing purposes is determ ned from kW
meters located at the custoner's facility. Energy charges are usually tied to billing
demand in such a manner that | ow energy use at a high demand is charged at a high rate
whereas a large energy use at a |l ow demand is charged at a |ower rate. Therefore any
peak shavi ng scherme whi ch can be used to reduce demand can result in savings which nay
economcally justify the investment costs for peak shaving equipnment and its fuel usage
operation, and mai ntenance. Rate schedules for energy will vary according to geographic
area and usage.

21.5.4.3 Total Electric Billing. The electric billing by the electric utility is

usual Iy conmputed and issued on a nonthly basis. The total electric bill will usually be
the sum of the demand and energy charges plus adjustnent for such itenms as fuel cost,
research and devel opnent surcharge, and taxes.

21.5.4.4 Qher Factors for Sale of Electricity. The rates charged for electrica
demand and energy depend on other factors or the type of service. These are typically
as follows:

a) Service at secondary voltage

b) Service at prinary voltage (12,000 to 69, 000 volts).
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c) Standby service.
d) Breakdown service
e) Supplenmentary service
f) Seasonal service.
g) Water heating
h) Space heati ng.
21.5.4.5 Purchase of Electricity. For parallel operation with a cogenerator, electric

utilities under certain terns and conditions, nmay purchase excess electricity generated
by the cogenerator.

As covered under section 201 of the Public Uility Regulatory Policy
Act of 1978 (PURPA), cogeneration facilities that are not owned by an electric utility
and that nmeet certain standards are eligible for special incentive rates to be paid to
themby the utility as required under Section 210 of PURPA. These incentive rates that
the utility is obligated to pay to qualifying facilities are not required directly by
PURPA but are required by rules pronul gated by the Federal Energy Regul atory Conmi ssion
(FERC.)

These rul es by FERC provide that electric utilities nust purchase
el ectric energy and capacity nmade available to the electric utilities by qualifying
cogenerators at a rate that reflects the costs that the purchasing utility can avoid as
a result of obtaining energy and capacity fromthese sources, rather than generating the
energy itself or purchasing the energy or capacity fromother suppliers

The term "avoi ded costs" has been defined by FERC as the costs to an
electric utility of energy, capacity, or both, that but for the purchase froma
qualifying facility, the electric utility would generate or construct itself or purchase
from anot her source. "Avoided costs" include the fixed and running costs on a utility
systemthat can be avoi ded by obtaining energy or capacity froma qualifying facility.

An electric utility's "avoi ded costs" are primarily fuel cost for
production of energy and capital cost of facilities for generation capacity. The anount
autility will pay a cogenerator for purchased electricity produced by the cogenerator
is equal to or is a percentage of the utility's "avoided cost" as decided by agreenent
contract between the utility and cogenerator, or as set out in a rate schedul e published
by the utility.
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21.6 Economics. Cogeneration plants are capital intensive and hi gh nai nt enance
facilities. However, cogeneration can be economically justified if the savings in

el ectrical energy costs, resulting fromthe use of cogeneration as conpared to purchase
of electricity froma utility, offset the costs of the cogeneration facility capita

i nvest ment, added fuel usage, added operation, and added mai ntenance

21.6.1 Fuel Savings. Using cogeneration, there is no fuel saving when conpared to
the use of boilers for the production of steam for process or environmenta

heati ng/cooling systens. There is a fuel saving for production of electricity, by use
of cogeneration as conmpared to non-cogeneration systens, if the exhaust heat or steam
fromthe prime nover is used by other process or environnental heating/ cooling systens.

21.6.2 Conpetitive Systems. The basic cogeneration systens that provide the neans to
utilize exhaust heat fromthe prine nover are the back pressure steamturbine, gas

turbi ne, conbined cycle, or reciprocating conbustion engine. A cogenerator using only
condensi ng turbine generator equipnent cannot conpete economcally with an electric
utility using the sane type of equi pnent because of the econonics of |arge scale
operations. The utility's | arge condensing steamturbine generators operating at high
initial pressure and tenperature are nmuch nore efficient than would be a cogenerator's
smal | condensi ng steam turbine generators operating at lower initial pressures and
tenperatures. However, condensing steamturbine generators can be econom cally conbi ned
wi th noncondensing or extraction turbine generators if the noncondensing equi pnent is
utilized to the extent that fuel savings nore than offset the increased cost of
operation of the condensing equi pnent. The noncondensing and condensi ng equi pnent nay
be conbi ned into single machi nes such as automatic extracti on condensing turbine
generators.

21.6.3 Power to Heat Ratio. A gauge for match of the cogeneration systemwth the
facility heat or steamand electric demands is often expressed as the power to heat
ratio. This ratio is defined as the ratio of the power generated to heat available for
process or environnental heating/cooling systens. The higher the power to heat ratio
the higher will be the efficiency of cogeneration or economc return on investnent
capital. Table 34 shows typical power to heat ratios of cogeneration systens.
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Tabl e 34
Typi cal Performance of Cogeneration Systens Power to Heat Ratio

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Backpressure Gas .Conbi ned Di esel *
* Turb. Gen. Tur bi ne Cycle Gen. *
* kWh/mllion Btu steam 50 to 1 200 to 1 250 to 1 400 to 1 *
* Btu power/Btu steam 0.171 0. 683 0. 853 1. 365 *

-332333333333333333333333333333333333133333133313313311331333133133313313331331II)))-

.Gas turbine, heat recovery steam generator, and backpressure turbine generator.

21.6.4 Economic Variables. The application of cogeneration to a facility is site
specific insofar as econom c evaluation is concerned. The evaluation will require
complete information for the facility concerning electricity and steam (or heat) usage
and | oad denand on an hourly basis throughout a typical year. The annual costs of fuel
and purchased electricity nust be determned for each alternate systemto be consi dered,
including an alternate w thout cogeneration. Also, for each alternate system
considered, a determ nation nmust be nmade of total capital investnent cost, annual
operating costs, and annual maintenance |abor, parts, and material costs. Depending on

the type of eval uation used, periodic replacenent costs and sal vage val ue nay need to be
det er m ned.

21.6.5 Economi c Eval uation. The econom c eval uation of the various alternate systens
is best done on a life cycle cost basis and by a present worth type analysis. For a
conmpl ete description of life cycle costing, nodes of analysis, nethods and procedures
for analysis, and choice of nost economical alternate, refer to NAVFAC P-442 or Nati onal
Bureau of Standards Handbook 135, Life-Cycle Cost Manual for the Federal Energy
Managenent Prograns.

269



M L- HDBK- 1003/ 7

Bl BLI OGRAPHY

The International District Heating Association (IDHA), District Heating Handbook,
avail able from|DHA, 1735 "Eye" Street NW Washi ngton, DC 20006.

Consi di ne, Douglas M, Process Instrunments and Controls Handbook, Third Edition
(1985), available fromMGawH Il., New York, NY.

270



M L- HDBK- 1003/ 7

REFERENCES

Note: Unless otherw se specified in the text, users of this
handbook shoul d use the | atest revisions of docunents cited
her ei n.

FEDERAL/ M LI TARY SPECI FI CATI ONS, STANDARDS, BULLETI NS, HANDBOOKS, AND NAVFAC GUI DE
SPECI FI CATI ONS:

The foll owing specifications, standards, bulletins and handbooks forma part of this
docunent to the extent specified herein. Unless otherw se indicated, copies are
avai | abl e from STANDARDI ZATI ON DOCUMENTS ORDER DESK, Buil ding 4D, 700 Robbi ns Ave,
Phila., PA  19111-5094.

SPECI FI CATI ONS

M LI TARY

M L-B- 17095 Boil er, Steam Hi gh Pressure Water Tube,
Packaged Type

M L- B- 17452 Boil er, Steam & Hot Water, Hi gh & Low
Pressure, Firetube Packaged Type

M L- P- 17552 Pump Units, Centrifugal, Water,
Hori zontal, CGeneral Service and Boil er
Feed, Electric Mdtor or Steam Driven

M L-H 17660 Heater, Fluid, Deaerating (For Water
Only) 1,000 to 1, 600,000 Pounds Per Hour
Capacity

M L-R- 18115 Regul ator, Boiler Feed Water, Autonatic

M L- F- 18523 Fan, Centrifugal, Draft, Forced and
| nduced

M L-T- 18246 St eam t ur bi nes For Mechanical Drive

M L- B- 18796 Burner, Single, GQl, Gas, and Gas/
O | Conbination

M L- B- 18797 Burners, G|, Mechanical-Draft, Autonmatic

M L- M 38784 Manual , Technical, General Style

and Format Requirenents

271



HANDBOCOKS

M L- HDBK- 1002/ 2
M L- HDBK- 1003/ 6
M L- HDBK- 1003/ 8

M L- HDBK- 1003/ 17
M L- HDBK- 1004/ 1

M L- HDBK- 1004/ 10
M L- HDBK- 1005/ 7

M L- HDBK- 1008

M L- HDBK- 1023/ 1
M L- HDBK- 1025/ 2
M L- HDBK- 1032/ 2

M L- HDBK- 1190

M L- HDBK- 1003/ 7

Loads
Central Heating Plants

Exterior Distribution of Wility Steam
HTW CHW Gas, and Conpressed Air
Industrial Ventilation Systens

El ectrical Engineering Prelimnary
Desi gn Consi derati ons

Cat hodi ¢ Protection
Wat er Supply Systens

Fire Protection for Facilities
Engi neering, Design and Construction

Airfield Lighting
Dockside Uilities For Ship Service
Covered Storage

Facility Planning and Design Guide

NAVY NANUAL, P-PUBLI CATI ONS, AND MAI NTENANCE OPERATI NG MANUALS:

Avai |l abl e from Commandi ng Officer, Naval Publications and Fornms Center, (NPFC), 5801
Tabor Avenue, Phil adel phia, PA 19120-5099. To order these docunents: Governnent
agencies nmust use the Mlitary Standard Requisitioning and | ssue Procedure (M LSTRI P);

the private sector must wite to NPFC, ATTENTION: Cash Sal es, Code 1051, 5801 Tabor

Avenue, Phil adel phia, PA
19120- 5099.
Dv 3. 01 Pl um ng Systens
DMVt 3. 03 Heating, Ventilating, and Ar
Condi ti oni ng and Dehum di fyi ng Systens
DM 3. 05 Compressed Air and Vacuum System
DM 5. 10 Solid Waste Di sposal

272



M L- HDBK- 1003/ 7

DM 5. 12 Fenci ng, Gates, and Guard Towers
DMt 22 Pet rol eum Fuel Facilities

DM 38 Wi ght - Handl i ng Equi prent

MO 213 Sol i d Wast e Managenent

P- 355 Sei smi ¢ Design For Buil dings

P- 442 Econoni ¢ Anal ysi s Handbook

WM H 171E Hangers And Support, Pipe

NAVY DEPARTMENTAL | NSTRUCTIONS: Avail able from Commandi ng Officer, Naval Publications
and Forms Center, ATTENTION: Code 3015, 5801 Tabor Avenue, Phil adel phia, PA 19120-5099.

SECNAVI NST 7000. 14 Econoni ¢ Anal ysis and Program Eval uati on
for Navy Resource Managenent

NAVFACI NST 10343. 1A Navy Special, Navy Distillate and Marine
Di esel Fuel Ols; On-Shore Use of

NAVFACI NST 10340.4C Coal Requirenent and Requisitions

OPNAVI NST 4100. 6 Ener gy Financing and Source Sel ection
Criteria for Shore Facilities

OPNAVI NST 5100. 23 Navy Cccupational Safety & Heath
Program

NAVAL Al R SYSTEM COMWVAND:  Avai |l abl e from Commanding O ficer, Naval Air Technical
Services Facility, 700 Robbins Avenue, Phil adel phia, PA 19111-5097.

51- 50AAA- 2 General Requirenents for Shorebased
Airfield Marking and Lighting

OTHER GOVERNVENT DOCUMENTS AND PUBLI CATI ONS:

The foll owi ng Government docurments and publications forma part of this docunent to the
extent specified herein. Unless otherw se specified, the issues of the docunents which
are DoD adopted are those listed in the Departnent of Defense Index of Specification &
St andards (DODI SS).

DEPARTMENT OF THE ARMY

TM 5-811-6 El ectric Power Plant Design

273



M L- HDBK- 1003/ 7

TM 5-1815-1/ AFR 19-6  Air Pollution Control Systems for
Boil ers and | ncinerators

(Unl ess otherwi se indicated, copies are available fromUS Army AG Publications Center,
1655 Whodson Road, ST. Louis, Mssouri 63114)
DEPARTMENT OF LABOR

29 CFR 1910, Chapter XVII, GCccupational Safety and Health Act
of 1970

29 CFR 1910, Subpart Z, paragraph 1910. 1200, Hazard
Communi cati on Standard

(Unl ess otherwi se indicated, copies are available from Cccupational Safety and Health
Admi nistration, 200 Constitution Avenue NW Washi ngton DC 20210)

DEPARTMENT COF TRANSPORTATI ON

AC 70/ 7460-1 F Obstruction Marking and Lighting

AC 150/ 5345- 43C Speci fication for Cbstruction Lighting
Equi pnent

14 CFR 77 Obj ect affecting navigable Airspace

(avail abl e from Superintendent of
docunents, U.S. CGovernnent Printing
Ofice, Washington, D.C. 20402)

(Unl ess otherwi se indicated, copies are available from Federal Aviation Adninistration
Ofice of Airport Standards (AAS-200), 800 | ndependence Avenue, S.W Washington, DC
20591)

ENVI RONVENTAL PROTECTI ON AGENCY

42 USC & 7401 et seq. Clean Air Act

40 CFR 60, Subpart D St andards of Perfornmance for Fossil
Fuel Fired Steam Generators

40 CFR 60, Subpart Da St andards of Performance for Electric
Uility Steam Generating Units

40 CFR 60, Subpart Db St andar ds of Perfornmance for

I ndustrial - Comrercial -Institutional
St eam Generating Units
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40 CFR 60, Appendix A Reference Mt hods

40 CFR 136 Gui de lines establishing test
procedures for the anal ysis of
pol | utants

40 CFR 257 Criteria for classification
of solid waste disposal facilities
and practices.

40 CFR 264 Regul ati ons For Omners and Operators
of Permitted Hazardous Waste
Facilities

40 CFR 265 Interim Status Standards For Oaners
and operators of Hazardous Waste
Treatment, Storage, and Di sposal
Facilities

(Unl ess otherwi se indicated, copies are available from Superintendent of
Docurments, U.S. Governnent Printing O fice, Washington, D.C 20402)

NON- GOVERNVENT PUBLI CATI ONS:

The following publications forma part of this docunent to the extent specified herein.
Unl ess ot herwi se specified, the issues of the docunents which are DoD adopted are those
listed in the Departnent of Defense |ndex of Specifications & Standards (DOD SS):

Conmbusti on Engi neering, Inc. (1981), Conmbustion/Fossil Power Systens, available from
Conbusti on Engi neering, 1000 prospect Hill Road, Wndsor, CT 06095.

Rodney S. Thurston, Design of Suction Piping: Piping and Deaerator Storage Capacity
To Protect Feed Punps, Journal of Engineering for Power, Volume 83, January 1961, ASME

Baunei ster, Theodore, Aval one, Eugene A, and Bauneister |11, Theodore (1978),
Marks' Standard Handbook for Mechanical Engineers, Eighth Edition, available from
MGawH I, Inc., New York, NY.

Newman, Louis E. (1944), Mdern Turbines, available fromJohn Wley & Sons, New
Yor k, NY.

ITT Ginnell Corporation (1973), Piping Design and Engineering, Fourth Edition,
available fromI|TT Ginnell Corporation, Providence, R .

Crocker, Sabin (1967), Piping Handbook, Fifth Edition, available fromMGaw Hill
Book Conpany, New York, NY.
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Gant. E. L., (1982), Principles of Engineering Econony, available fromWley &
Sons, New York, NY.

Morse, Frederick Tracy (1943), Power Plant Engineering and Design, available from
Van Nostrand Rei nhold Co., New York, NY.

The Babcock & W/ cox Conpany (1978), Steanmilts Generation and Use, 39th Edition,
avai | abl e from Babcock & W1 cox, 161 East 42nd Street, New York, NY 10017.

Sal i sbury, Kenneth J. (1974), Steam Turbines and Their Cycles, avail able from Robert
E. Krieger Publishing Co., Inc., Melbourne, FL.

AMERI CAN CONFERENCE OF GOVERNMVENTAL | NDUSTRI AL HYA ENI STS
Industrial Ventilation - A Manual of Reconmended Practices

(Unl ess otherwi se indicated, copies are available from Aneri can Conference of
Governnental |ndustrial Hygienist, 6500 denway, Bldg D-7, G ncinnati, OH 45211.)

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

Al2 Fl oor and Wall Openings, Railings, and
Boards, Safety Requirements for

Al4. 03 Fi xed- Ladders, Safety Requirenents

B15. 01 Mechani cal Power Transm ssion Appar at us,
Safety Standard for

B20. 01 Conveyors and Rel ated Equi pnent

B30. 02 Overhead And Gantry Cranes (Top Running

Bridge, Single or Miultiple Grder, Top
Runni ng Trol |l ey Hoi st)

B30. 11 Monor ai |l s and Under hung Cranes

B30. 16 Over head Hoi sts (Under hung)

c2 National Electric Safety Code

C50. 10 General Requirenents for Synchronous
Machi nes

C50. 13 Reg. for Cylindrical Rotor Synchronous

Cenerators
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C50. 14 Requi renents for Conbustion Gas Tur bi ne
Driven Cylindrical Rotor Synchronous
Generators

Cs4.1 El ectric Power Systens and Equi prent -
Vol t age Rating

783. 3 Gas Uilization Equi prent in Large
Boi l ers

Z358.1 Eyewash and Shower Equi pnent, Energency

ANSI / ASME B31. 1 Power Pi pi ng

ANSI / | EEE 100 Dictionary of Electrical & Electronic
Terns

ANSI / NFPA 31 Installation of Q1 Burner Equi prent

ANSI / NFPA 37 Conmbusti on Engi nes and Gas Tur bi nes

ANSI / NFPA 70 National Electric Code

ANSI / NFPA 85F Installation and Qperation of Pulverized
Fuel

(Unl ess otherwi se indicated, copies are available from ANSI Standards, 1430 Broadway,
NEW Yor k, NY 10018)

AVERI CAN SOCI ETY OF HEATI NG REFRI GERATI NG AND Al R- CONDI TI ONI NG ENG NEERS,

I NC. (ASHRAE)
HE ASHRAE Equi prent Handbook
HF ASHRAE Fundarent al s Handbook
HS ASHRAE Syst ens Handbook

(Unl ess otherwi se indicated, copies are available from ASHRAE, 1791 Tullie Crcle, NE.,
Atl anta, GA 30329)

AVERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)
Boi l er and Pressure Vessel Code
Theoretical Steam Rate Tabl es

Recomended Practices for the O eaning, Flushing, and
Purification of Steam and Gas Turbine Lubrication Systens
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PTC 1
PTC 2
PTC 4.
PTC 4.

PTC- 6.

PTC- 8.

PTC-9

PTC 11

PTC 12.
PTC 12.

PTC 12.

PTC 14

PTC 19

PTC- 19.
PTC- 19.

PTC- 19.

PTC- 19.

PTC- 19.

PTC- 19.
PTC- 19.

PTC- 19.
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Power Pi pi ng

General |nstructions
Definitions and Val ues
St eam Generating Units
Air Heaters

InterimTest Code for an Alternative
Procedure for Testing Steam Turbi nes

Centrifugal Punps

Di spl acement Conpressors, Vacuum Punps,
and Bl owers

Fans.
Cl osed Feedwat er Heaters.
St eam Condensi ng Appar at us.

Deaer at or s.
Evapor ati ng Appar at us.

Instrunents and Appar at us.
Pressure Measurenent
Temper at ure Measur enent

Application, Part Il of Fluid Meters:
InterimSuppl enent on Instrunents and

Appar at us
Wi ghi ng Scal es

El ectrical Measurenents in Power
Crcuits

Measur enent of Shaft Power
Measur enent of |ndicated Hor sepower

Fl ue and Exhaust Gas Anal yses -
Instrunents & Apparatus - V Part 10
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PTC- 19. 12 Measur enent of Tine

PTC- 19. 13 Measurenent of Rotary Speed

PTC 19. 14 Li near Measurenents

PTC- 19. 16 Density Deterninations of Solids and
Li qui ds

PTC- 19. 17 Determination of the Viscosity of
Li qui ds

PTC 21 Dust Separating Appar at us.

(Unl ess otherw se indicated, copies are avail able from ASME order Dept.,
22 Law Drive, Box 2350, Fairfield, NJ 07007-2350)

AMERI CAN SCOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

A 283/ A283M 84a Specification for Low and | ntermnediate
Tensile Strength Carbon Steel Plates,
Shapes, and Bars.

A 285/ A285M 82 Specification for Pressure Vessel
Pl at es, Carbon Steel, Low and
I nternedi ate-Tensil e Strength.

A 516/ A516M 84 Speci fication for Pressure Vessel
Pl at es, Carbon Steel, for Mderate and
Lower Tenperature Service.

D2013- 72(1978) Met hod for Preparing Coal Sanples for
Anal ysi s.
D2234- 82 Met hod for Collection of a G oss

Sampl e of Coal .

(Unl ess otherwi se indicated, copies are available from Anerican Society for Testing and
Materials, 1916 Race Street, Philadel phia, PA 19103.)

COCLI NG TOWNER | NSTI TUTE (CTI)
CTl Bulletin ATC 105 Accept ance Test Code For Water Cooling
Towers (Part 1, Test Procedure; Part 2,
Eval uation of Results)

(Unl ess otherwi se indicated, copies are available from Cooling Tower Institute, 19627
Tower 45 North, Suite 230, Spring, TX 77388)
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HEAT EXCHANGE | NSTI TUTE ( HEl )
St andards for Steam Surface Condensers, Sixth Edition
(Unl ess otherw se indicated, copies are available from Heat Exchange Institute, 122 East
42nd Street, New York, NY 10017)
NATI ONAL ASSOCI ATI ON OF CORROSI ON ENG NEERS ( NACE)
Cool i ng Water Treatnent Manual
Handbook

(Unl ess otherwi se indicated copies are available from NACE, 2400 West Loop Sout h,
Houst on, Texas 77027)

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

SM 23 St eam Tur bi nes for Mechanical Drive
Servi ce
SM 24 Land Based Steam Turbi ne Generator Sets

0 to 33,000 KW

St andard publication/ Encl osures for Electrical Equi prent
No. 250 (1000 Vol ts Maxi mum

(Unl ess otherwi se indicated, copies are available from NEMA Standards, 2101 L Street,
N. M, Washington, D.C. 20037.)

NATI ONAL FI RE PROTECTI ON ASSCCI ATI ON ( NFPA)

30 FI ammabl e and Conbusti bl e Li qui ds, Code
31 Q| Burning Equiprent Installation
85G Boi | er- Furnaces, Furnace |nplosions in

Mul tipl e Burner

(Unl ess otherwi se indicated, copies are available from NFPA, Batterynmarch Park, Quincy,
MA 02269.)

CUSTCDI AN PREPARI NG ATI VI TY
NAVY - YD NAVY - YD
PRQIECT NO
FACR- 0645
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